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ABSTRACT 
 
Statistics from the Health and Safety Executive show that the UK construction industry 
has approximately 80 fatalities per year, making the construction industry one of the 
most dangerous industries when compared to other industries.  The reduction of 
construction accidents in the construction industry has led to the need for thoroughly 
analysed construction environment information which can be effectively utilised in 
formulating construction health and safety planning strategies, thus enabling the 
construction industry meet accident reduction targets. However, existing approaches to 
information analysis mainly focus on factors within construction health and safety 
information during analysis and do not shed light on the influencing socio-economic and 
spatially influenced issues within which the industry’s accident contributory factors are 
rooted. It is also clear that limitations of information usage in the construction industry 
are due to the fragmented nature in which health and safety information is availed to 
practitioners for ultimate utilisation in the construction process. There is, therefore, a 
need for more appropriate decision-support mechanisms that can take account of spatial 
contributory factors to accident occurrence. There is also a need for mechanisms that 
enhance the management, analysis and utilisation construction environment information 
from varied sources for integration in the construction process. The failure to utilise 
information from varied sources in the construction industry, means that adequately 
analysed information is lacking for integration in construction health and safety planning 
strategy formulation process. This study was initiated as a response to this challenge. 
This prompted further research into the utilisation of health and safety information and 
its integration in the construction process. A survey involving 215 construction 
ii 
 
stakeholders was conducted to establish the limitation and requirements of health and 
safety in the construction industry. Results derived through qualitative analysis further 
emphasised the need for enhanced health and safety information analysis and integration 
for use in decision making.  The research explored how the spatial element present in all 
in construction environment information could be utilised to account for accident 
contributory factors. This led to the exploration Geographical Information System (GIS), 
a mechanism that takes into account spatial aspects of bodies of information of the 
phenomenon being explored, for its potential capabilities in management and analysis of 
construction environment information. The implementation of the GIS-based system 
known as Geographical Information System for Accident Prevention (GISAP) is then 
presented. The evaluation of the system by prospective end-users reveals the limitations 
and benefits of the system implementation and recommendations made for further 
research. In conclusion, it was clear from this study that this approach has the potential 
to provide a quick referencing GIS success that can link, organise, analyse and display 
accident data and other construction and non construction environment data. This can 
assist stakeholders in decision making during formulation of construction health and 
safety strategies. The approach can improve understanding of analyses and can enhance 
the handling of queries related to accident data and other data. This innovative approach 
can also offer an extra dimension of safety information management, identify trends and 
areas for effective accident preventive action and ultimately enable development and 
directions of future work and to engender wider debate. 
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Chapter One: Introduction 
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CHAPTER ONE: INTRODUCTION 
 
1.0 INTRODUCTION 
 
The construction industry is of significant economic importance to the United Kingdom 
(UK). It accounts for 10% of the UK’s Gross Domestic Product (Corporate Watch, 2006) 
and employs 2.2 million people, making it the country’s biggest industry (Health and 
Safety Executive, 2007a). Despite this contribution, the construction industry is one of 
the most dangerous and is associated with a high rate of injuries and fatalities (HSE, 
2004a). This is despite the construction industry investing much time, effort and financial 
resources through improved construction designs and more sophisticated applications of 
engineering measures, existence of safety laws and regulations, in trying to improve its 
health and safety performance. Therefore, it is clear that the deaths of people and 
economic loss caused by construction accidents demand continuous attention to 
formulating and planning of health and safety strategies in the construction industry. 
 
In the last 25 years, over 2,800 people have died from injuries they received as a result of 
construction work. Many more have been injured or made ill (HSE, 2007a). Although the 
number of accidents has fallen in recent years, the construction industry still remains one 
of the most dangerous industries. According to the HSE (2007a), there were 59 fatal 
injuries to workers in construction in 2005/06, a decrease on the previous year of 69 
fatalities. In 2005/06, 28% of all worker deaths in the UK were in the construction 
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industry. Reported major injuries to employees continued to fall in 2005/06 to 3,677, 
compared to 3,768 in 2004/05 and 4,386 in 1999/2000 (Figure 1.1).  
 
 
 
Figure 1.1: Number and rate of major injury to employees 
Source: HSE (2007a) 
 
Accidents on construction sites are also one of the most important factors in health 
service utilisation (DOH, 1993). According to the HSE (2007a), the construction sector 
carried a prevalence rate of work-related illness higher than the average for all industries 
in the HSE reporting year 2005/06. The latest survey of self-reported work-related illness 
(SWI) carried out by the HSE in 2005/06 estimated that 86,000 people whose current or 
most recent job in the previous year was in construction suffered from an illness which 
was caused or made worse by this job. The associated prevalence rate, 3,800 per 100,000 
people (3.8%) working in the last year, was statistically significantly higher than that for 
all industries (3,100 per 100,000 people – 3.1%) (Figure 1.2).  
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Figure 1.2: Prevalence rates of self-reported illness caused or made worse by the 
current or most recent job, per 100 000 people working in the previous 12 months 
Source: HSE (2007a) 
 
From Figure 1.2, it is clear that the prevalence rate has remained fairly constant since 
2001/02 (the difference between rates was not statistically significant). Comparing this 
rate for construction with corresponding rates from earlier SWI surveys indicates that the 
estimated prevalence rate in 2005/06 was of a similar order (not statistically significantly 
different) to the rates in 2004/05 (3,900 per 100,000 people – 3.9%), 2003/04 (4,400 per 
100, 000 people – 4.4%) and 2001/02 (4,500 per 100,000 people – 4.5%).  
 
Accident statistics represent not only the terrible human tragedies but also substantial 
economic and psychological costs (Stranks, 1997).  Studies on accident costing have 
covered and classified the costs associated with construction accidents into the two major 
components namely direct and indirect cost (HSE, 1993; HSE 1997; Mossink and Licher, 
1998; Al-Mufti, 1999; Health and Safety Laboratory, 2005). In addition, according to Al-
Mufti (1999), the classification extended to two further related categories namely insured 
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and uninsured costs and their definitions and details of these cost categories are included 
in various publications on health and safety. The construction industry’s direct and 
indirect costs impact result in adverse effects on construction productivity, morale and on 
project schedule and this can be several times the direct cost normally associated with 
medical insurance (Al-Mufti, 1999)). Figure 1.3 gives a general idea of these categories.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3: Direct and indirect costs  
Source: Adapted from HSE (1993) 
 
It is clear that construction accident related deaths and injuries is a major public health 
issue and therefore efforts to improve health and safety on construction sites have been of 
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paramount significance and there still remains an ongoing challenge to do more to 
improve construction health and safety in the industry.  
 
1.1 CURRENT STATUS OF RESEARCH AND PRACTICE 
 
Although there exists a large body of technical literature and efforts made in terms of 
health and safety law formulation, implementation and management, the subject of 
accident causation and prevention on construction sites still remains a complex process as 
it is affected by numerous interrelated factors. Accounting for the interrelationship 
between these factors and their effect on accidents is critical for an effective accident 
prevention strategy. Data currently available on accident causation are, in many respects, 
inadequate for explaining the underlying and complex interaction of factors in the 
causation process. Although some of the causes of accidents are usually known (e.g. falls 
from ladders), the underlying factors causing the accidents are rarely accounted for 
(Abdelhamid et al., 2000). 
 
A wide range of factors can be attributed to the cause of accidents on construction sites. 
According to HSE (2004a), many accidents could be prevented if appropriate information 
was available at the right time and in the right place and that it is often not those parties 
involved in the accident that had the best opportunity or ability to prevent the accident, 
but on many occasions, decisions made long before an eventual accident can be identified 
as the primary cause. In addition, this problem is exacerbated because often the potential 
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for an accident is ‘designed in’ by individuals unaware of the effect their decisions were 
having on safety (HSE, 2004).  
 
One other factor of accident causation lies in the generation by the HSE of large volumes 
of data annually, which inhibits enhanced safety awareness due to lack of appropriate 
analytical tools. Tim (1995) suggests that the lack of an integrated framework to manage, 
manipulate, analyse, and present data has resulted in the majority of the data being poorly 
utilised and thereby failing the intended user. Moreover, statistically analysed results 
would particularly establish cause-effect relationships, but would fall short of 
representing other factors other than workplace health and safety conditions and this may 
affect the observed trends or the influence of various parameters (Tim, 1995). Identifying 
the causes of fatalities is the first step in developing a prevention strategy (OSHA, 1990). 
Effective construction health and safety planning would therefore be achieved by the 
utilisation of analysed multi-faceted information that relates to construction accidents (all 
linked by a spatial element which is common in all information). Such an information 
synthesis procedure could facilitate the development of programs for risk assessment at 
various stages of the construction process.  
 
Another factor that can be attributed to the causes of accidents on construction sites is the 
lack of suitable information analysis tools in the industry that can harness vast amounts of 
information in the construction environment for accident mitigation. Kibblewhite and 
Fidderman (1998) note that there are more than 500 safety software products on sale in 
the United Kingdom which, for pragmatic reasons, often make use of ‘software of 
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uncertain pedigree’ (SOUP), e.g. commercial operating systems, user interfaces, system 
libraries (Bishop et al., 2001). This is software that might have been designed specifically 
for safety-related tasks or been products that were used in non-safety applications. These 
products however, broadly deal with single aspects of safety management, such as 
auditing, or are component modular-based safety management systems for example: 
specific software addressing issues such as Control of Substances Hazardous to Health 
(COSHH) assessments and personnel health and medical issues, such as the prevention of 
coronary heart disease. Additionally, these tools suffer from a lack of multi-sensory 
capabilities, as the output of the analysis is often based on textual information 
(Kibblewhite and Fidderman, 1998).  Moreover, the design of the software lacks 
understanding of the fundamental factors of accident causation as may be specific to 
construction sites (Manase et al., 2005). 
 
It is therefore evident that there is a need to improve knowledge of accidents causation 
and provide more intuitive and comprehensible media for analysing and visualising 
accidents. This study, therefore, seeks to account for the underlying causes of accidents 
on construction sites by providing tools to analyse construction environment information 
that will enable Construction Design and Management (CDM) Regulations duty holders 
and the HSE to produce informed decisions during the formulation of accident prevention 
strategy. It is expected that improved safety could be achieved by making all decision 
makers aware of the safety implications of their decisions (HSE, 2004).  
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The great challenge for CDM duty holders in the construction process and the HSE is 
therefore to improve occupational health and safety by taking effective action to 
minimise the risk of accidents and ill-health (Suraji et al., 2001). Avoiding hazards that 
threaten worker health and safety should be paramount for the client and project team 
(Anon, 2004).  
 
1.2 GIS USE 
 
It is clear from the forgoing that there is need for a system to improve and facilitate the 
handling and analysis of historical construction health and safety information for use by 
CDM duty holders and the HSE. To enable the evaluation and implementation of 
strategies to improve the health and safety decision making in the construction industry; a 
system is required that provides sufficient understanding of construction accident patterns 
or trends when implementing efforts to improve construction safety. Fathi1 et al (2006) 
suggests that the use of Information and Communication Technology (ICT) is critical in 
managing construction projects as the right information needs to be delivered to the right 
person, at the right time, and at the right place. The ability to quickly convert data into 
information while at the same time reducing the administrative tasks, may improve the 
construction programme’s manager efficiency (ibid). 
 
A novel methodology was therefore proposed to provide an efficient platform for analysis 
of various factors at various stages of the construction process. The methodology utilised 
the spatial element present in all accident occurrence information. This methodology thus 
developed a series of tools for risk assessment analysis based on the opportunities that 
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abound in the application of Geographical Information Systems (GIS) (Chapter 4 section 
4.4). It was proposed that using GIS should reveal strategic, operational and research 
opportunities to further improve construction safety. A GIS can be simply defined as:  
 
“an organised collection of computer hardware, software, geographic data, and 
personnel designed to efficiently capture, store, update, manipulate, analyse, and display 
all forms of geographically referenced information”(Goodchild, 2000). 
 
The GIS approach offers widespread potential for analysis and presentation of various 
data by merging construction accident data and other construction environment inventory 
data thereby identifying problem locations and assessing the effectiveness of 
implemented countermeasures. It was envisaged that by integrating varied construction 
environment datasets within a GIS, which offers spatial referencing capabilities and 
graphical displays, a more effective accident analysis program can be realised and utilised 
(Miller, 1999). This effort could display analysed and geo-referenced construction 
accident data involving construction personnel and the members of the public in a 
creative manner and thus enhancing the understanding of the accident situation. 
 
In addition, the system allows CDM duty holders and the HSE to access various types of 
supplemental information without leaving their desks. Varied data sets and accident data 
can be overlaid with aerial photography to provide the CDM duty holder and the HSE 
with a better understanding of the development and configuration of a particular study 
area and images scrutinised to provide an even more detailed view of an area. Various 
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attribute tables can be created, edited, and linked to other tables, providing even more 
flexibility and power. All of these functions combine to form a system that makes 
locating, editing, and analysing accident and other spatial data faster and more efficient. 
 
This research therefore aimed to provide a common and objective basis for the CDM duty 
holders and the HSE to analyse and use of historical construction accident data and other 
related construction environment data for identification of problem areas. This would 
invariably aid in decision making in as far as what ought to be included in the health and 
safety plan and file and would potentially enhance construction health and safety. The 
tool should also serve as a useful method of analysing regional or large-scale data by the 
HSE. 
 
1.3 RESEARCH AIM AND OBJECTIVES 
 
The aim of this research study was to develop a methodology through the utilisation of 
the state-of-the-art technology for the prevention of accidents on construction sites. In 
order to achieve this aim, the following objectives were derived: 
 
 Objective 1: To gain a better understanding of accident causation factors on 
construction sites;  
 Objective 2: To review developments in Geographical Information Systems (GIS) 
which can assist in the analyses of accident data; 
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 Objective 3: To develop a stand-alone Geographical Information Systems (GIS) 
based tool which enables spatial and non-spatial analysis of construction 
environment related data; and  
 Objective 4: to evaluate the potential for further development and exploitation of 
the analytical tools.  
 
1.4 RESEARCH METHODS 
 
A research map (Table 1.1) was formulated in order to highlight the various methods 
utilised in this study.  
 
Table 1.1: Research Map 
 
METHODOLOGY 
OBJECTIVE 
WORK TASKS METHODOLOGY 
STAGE 
METHOD
1. Explore the current approaches in 
health and safety planning and the data 
sets  
1. Identify limitations within the 
UK construction health and safety 
procedures 
 
2. Identify and understand accident 
causation and prevention planning 
methods used in the in the UK 
construction industry and establish 
their limitations 
Preliminary information 
gathering 
 
 
Preliminary information 
gathering 
 
Literature 
Review 
 
 
Literature 
Review 
2. Explore the potential utility of 
information systems  in supporting 
health and safety information analysis 
and decision making  
 
 
 
3. Review of information systems 
and the use of GIS in construction 
 
4. Identify dataset requirements of 
the GIS based system 
 
5. Health and Safety use in 
construction 
Preliminary information 
gathering 
 
 
Secondary information 
gathering 
 
 
Literature 
Review 
 
 
Literature 
Review 
 
Pilot Study 
3. Design and implementation of GIS 
based system as to tool to improve 
health and safety planning 
6. Design and implementation of 
GIS based system application 
System design & 
Implementation 
Action Research 
4. Evaluate the use of GIS based system  
by using it in analysis and enhancing 
health and safety  
7. Explore user satisfaction 
 
Evaluation of System  
 
Interviews 
 
Observation 
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5. Limitations, Conclusions and 
Recommendations 
8.Recommendations for future 
development 
 
Preliminary information 
gathering  
 
Secondary information 
gathering 
 
System design & 
Implementation 
 
Evaluation of System  
Literature 
Review 
 
Action Research  
 
 
 
 
1.5 THESIS ORGANISATION 
 
Chapter 2 serves as an introduction to the subject of accident causation in general and 
presents an examination of accident causation in the construction industry, explaining the 
underlying and interaction of factors in the process of construction. This chapter also 
reviews the usage of health and safety ICT tools in the construction industry examining 
how effective these applications have been in reducing accidents on construction sites 
and highlighting the limitations. Chapter 2 also closely examines how the principles of 
health and safety are applied in the construction process. This entails undertaking a 
comprehensive literature review of construction planning process and the integration of 
risk assessment procedures for health and safety issues in this process. It also involves the 
review of current legislation for the identification of the construction process duty 
holders. The chapter also reviews the accident causation process in the construction 
industry. 
 
Chapter 3 presents the results of a survey to gather Construction Design and Management 
(CDM) duty holder’s opinions on the current health and safety procedures in the UK 
construction industry. This chapter describes the limitations in current health and safety 
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procedures in the construction industry. An analytical procedure which harnesses the 
spatial element in varied and related construction environment information is proposed in 
this chapter. 
 
Chapter 4 includes the examination of GIS by reviewing its application in general (i.e. 
scientific investigation, resource management, development planning) and its use in the 
construction industry. This chapter also reviews the use of GIS in health and safety.  
 
Chapter 5 is the research methodology and approach chapter. It includes the development 
of a conceptual model and spatial and non-spatial database schema based on the pilot 
survey and literature review. A novel approach is proposed for the development of a 
software tool. The individual processes required within the system are discussed and 
modelled using Integrated Definition Language Zero (IDEF0) methodology. This chapter 
also highlights the limitations and requirements for the GISAP system implementation. 
Finally, a user evaluation strategy is proposed, allowing a software tool based on the 
proposed approach to be evaluated by construction practitioners. 
 
Chapter 6 and 7 describe the development of the final system architecture and prototype 
software within GIS. This includes the development of the proposed approach and 
involves the development of spatial and non-spatial databases. 
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Figure 1.4: Framework of the research 
Introduction of Study 
¾ Aims and Objectives 
Chapter 1 
Literature Review 
¾ Understanding Accident Causation on 
Construction Sites 
¾ Health & Safety Integration in 
Construction planning 
¾ Health & Safety ICT Development 
Chapter 2 
Survey 
 
¾ Survey and  Health and Safety 
limitations 
Chapter 3 
Literature Review 
 
¾ Review of GIS Capabilities Chapter 4  
Research Methodology & 
Approach 
 
¾ Data requirements & Collection & 
Concept Development 
Chapter 5 
Testing & Evaluation 
 
¾ System Evaluation 
Chapter 9 
 
Conclusion & Recommendations 
Chapter 8 
System Implementation 
 
¾ System Design 
¾ System Implementation 
Chapter 6 & 7 
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Chapter 8 presents the evaluation of the system, which involves the utilisation of the 
developed evaluation procedures to evaluate the implemented prototype tool using 
construction practitioners. This chapter provides an analysis of the results of the user 
evaluation. This analysis relates to results of the evaluation to attributes specified in the 
idealised framework, in order to determine the success of the prototype tool. This also 
highlights the opinions of the evaluators on the potential business or practitioner benefits 
of the system 
 
Chapter 9 consists of the conclusion, recommendations and topics suggested for further 
research (Figure 1.4). 
 
1.7 ACADEMIC CONTRIBUTIONS AND ACHIEVEMENTS  
 
The main academic contributions and achievements arising from the research are 
summarised as follows: 
 
• Creating a platform for the identification of factors influencing the causation 
of accidents and the limitations and requirements in current health and 
safety management systems 
 
Through this process various limitations (e.g fragmentation of information 
utilisation and volume of information) and requirements (e.g information analysis 
for utility at various stages of the construction process) were identified in research 
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and current industry practice. Consequently, a conceptual framework was 
developed to highlight the limitations and requirements. The framework 
highlighted specific requirements (or attributes) which should be adhered to for 
the implementation of a successful system that utilises construction environment 
information for construction health and safety planning and management.  
 
• Providing a framework that encompasses GIS as a platform for enhancing 
the analyses of construction environment information for the mitigation of 
accidents  
 
The research provided evidence that utilisation of capabilities in GIS could 
enhance the analyses of construction environment information and understanding 
of various factors in the construction industry for the mitigation of accidents. 
 
• The implementation of an analytical system which utilises disparate 
information sources for health and safety management by various 
construction industry stakeholders  
 
This contribution of the research offers an innovative opportunity for different and 
varied datasets from every facet of the industry to be integrated in order to 
produce new visual information through highly detailed maps that can be analysed 
together rather than singularly. The concept of utilising the GISAP analytical 
system in the study could assist various CDM duty holders and the HSE identify 
Chapter One: Introduction 
17 
 
hazards in the formulation of preventive measures. The GISAP analytical system 
concept in this study also provides a platform for efficient manipulations of 
information to gain new insights such as establishing spatial associations between 
accidents and other factors. 
 
As part of the strategies to disseminate the various findings emanating from this research 
to industry and to engender wider academic debate, the research produced some research 
papers. The titles and bibliographic details are presented as follows: 
 
• D. Manase, L. Mahdjoubi, V. Ahmed: Accident Causation on Construction 
Sites: Towards a New Approach, 4th International Postgraduate International 
Research Conference, Salford University, 14th -15th April 2004, Manchester. 
 
• D. Manase, D. Oloke, D. Proverbs, C. Young, D. Heesom: Utilisation of 
Construction Health and Safety Information: A Novel Approach, 5th International 
Postgraduate International Research Conference, Salford University, 14th -15th 
April 2005, Manchester.  
 
• D. Manase, D. Oloke, D. Proverbs, C. Young, D. Heesom: A GIS Approach to 
the Use of Construction Health and Safety Information: A Conceptual 
Framework, Proceedings of the 3rd International Conference on Innovation in 
Architecture, Engineering and Construction, Rotterdam, The Netherlands, 15th – 
17th June 2005. 
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• D. Oloke, D. Manase, P. Olomolaiye: Construction Health and Safety (H&S) 
Performance: A Framework for Enhancing Information Communication 
Technology (ICT) Impacts, Association of Researchers in Construction 
Management, 2nd – 3rd September 2005, London. 
 
• D. Manase, D. Oloke, D. Proverbs, C. Young: Understanding the Complexity of 
Accident Causation on Construction Sites, 1st International Conference on 
Complexity Science and the Built Environment, in Conjunction with the Centre 
for Complexity and Research, University of Liverpool 11th – 14th September 2005 
 
• D. Manase, D. Oloke, D. Proverbs, C. Young, D. Heesom: An Analytical 
Approach for Exploiting Construction Health and Safety Information: Conceptual 
Framework, International Conference in the Built Environment in the 21st Century 
(ICIBE 2006), 13th to 15th June 2006, Kuala Lumpur, Malaysia. 
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CHAPTER TWO: A REVIEW OF THE UK 
CONSTRUCTION INDUSTRY HEALTH AND SAFETY 
PRACTICES 
 
2.0 INTRODUCTION 
 
This chapter provides an overview of the health and safety practices in the UK 
construction industry. It describes the necessary procedures and requirements that need to 
be followed in order to achieve desired health and safety outcomes. It also provides the 
context in which this research is placed. 
 
Section 2.1 describes the organisation of health and safety practices in the UK 
construction industry. 
 
Section 2.2 examines requirements set in the Health and Safety legislation and highlights 
duties of stakeholders in the construction process in ensuring that risk to health and safety 
of a worker from work activities is properly controlled. 
 
Section 2.3 provides an overview of the health and safety planning process as an integral 
part of the construction planning process, highlighting the various construction phases 
and expected outcomes in the process. 
 
Section 2.4 provides a review of recent research work in the field and the development of 
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a variety of health and safety systems for integration in the construction process and the 
identification of accident causation factors. 
 
2.1 ORGANISATION OF HEALTH AND SAFETY MANAGEMENT 
IN THE UK CONSTRUCTION INDUSTRY  
 
The Health and Safety Commission (HSC) and Health and Safety Executive (HSE) are 
non-departmental bodies with specific statutory functions in relation to health and safety. 
The HSC is appointed by the Secretary of State for Transport, Local Government and the 
Regions who, in turn, appoint the HSE (Figure 2.1). The HSC is responsible for health 
and safety regulation in the UK. The HSC’s statutory responsibilities under the Health 
and Safety at Work etc Act 1974 (HSW Act) include proposing health and safety law and 
standards to Ministers. In preparing its proposals, the HSC relies on the advice of the 
Health and Safety Executive and on scientific research carried out in the Health and 
Safety Executive’s laboratories and throughout-house programmes. 
 
The HSC also consults extensively with a wide variety of organisations representing 
professional interests in health and safety, business managers, trades unions, scientific 
and technological experts. The HSE and local government are the enforcing authorities 
that work in support of the HSC. The HSE is headed by the Director General’s office. 
This office’s operation activities are divided into three separate arms and include General 
Operations, Resource Planning and General Policy. Deputy Director Generals head each 
of these arms. One of these deputy director generals (Deputy Director General 
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Operations) heads the Field Operations Directorate (FOD). It is under the arm of this 
directorate that the Construction Division falls (Figure 2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: The Organisation of Health and Safety Management in the UK 
Source: Adapted from HSE (2007b) 
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Figure 2.2: Field Operations Directorate (FOD) 
Source: Adapted from HSE (2007b) 
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2.1.1 Field Operations Directorate  
 
The Field Operation Directorate (FOD) is organised on the basis of broad sector 
groupings, in which similar and synergistic industrial processes are brought together 
(HSE 2007b). In addition to the seven sectors and the railway industry, FOD has an 
Occupational Health and Environment Unit and a Safety Unit, which between them deal 
with health and safety issues across all sectors of employment. The FOD is the largest 
operational inspectorate in HSE and covers many employment sectors including 
construction, agriculture, general manufacturing, engineering, food and drink, quarries, 
entertainment, education, health services, local and central government and domestic gas 
safety. 
 
2.1.2 The Construction Division 
 
The Construction Division, as mentioned earlier, is part of the FOD and includes 
operational units; construction sector; technology unit; policy unit. Each of these units is 
then in turn subdivided into various units and their roles are illustrated in Table 2.1. 
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Table 2.1: The Construction Division Units 
 
FOD UNITS ROLE 
Operational Units  The HSE’s operational inspectors deal solely with the construction industry and seek improvements in health 
and safety standards using a range of methods including: 
• Site inspections.  
• Planned interventions.  
• Investigation of accidents and complaints.  
• Providing guidance and support at visits, by phone or at trade events.  
• Educational and promotional activities.  
• Enforcement where necessary.  
 
Construction Sector  
The Construction Sector takes an active role in dealing with the industry and key stakeholders. Its role 
includes: 
• Providing support, advice and guidance at a national level to the HSE operational inspectors.  
• Developing and helping deliver HSE’s plan of work for construction.  
• Developing strategies to meet the Governments Revitalising H&S targets for construction.  
• Gathering intelligence about the health and safety performance of the industry.  
• Working with key industry stakeholders to improve health and safety.  
• Working with national and European bodies in the development of standards (CEN. BSI, etc.).  
• Producing guidance for the industry.  
 
Technology Unit  The Technology Unit provides specialist technical support to the Construction Division as well as overseeing 
research on technical issues. This unit also works with national and European bodies in the development of 
standards (CEN. BSI, etc.). 
 
Policy Unit  The Policy Unit’s role is: 
• developing new construction legislation  
• dealing with wider policy initiatives  
• follow up to the Construction Summit  
• interface with other Government Departments  
• provision of support to CONIAC (Construction Industry Advisory Committee) and the Chief 
Inspector of Construction.  
 
 
2.2 HEALTH AND SAFETY LEGISLATION IN THE UK 
CONSTRUCTION INDUSTRY  
 
The HSE was established as a result of the requirements set by the Health and Safety at 
Work Act. 1974. It has a statutory responsibility to make adequate arrangements for the 
enforcement of health and safety law. This is done by undertaking a range of activities 
such as inspecting workplaces, conducting research, investigating accidents and 
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complaints, issuing guidance, and providing advice. It is also the responsibility of the 
HSE under the Health and Safety at Work Act 1974 to ensure that measures are in place 
to facilitate the reporting and recording of work-related accidents, diseases and dangerous 
occurrences. The Reporting of Injuries, Diseases and Dangerous Occurrences 
Regulations, 1995 (RIDDOR 95) are the regulations that require that all work-related 
accidents, diseases and dangerous occurrences in the UK be reported to the HSE. It 
applies to all work activities and to defined types of incidents. The incidents in the 
construction industry are reported using the F2508A forms. These forms are completed 
and submitted to the HSE.  The central Incident Contact Centre (ICC) was established to 
deal with telephone notifications, as well as coding and entry of all RIDDOR report 
forms sent by post, fax or email.  
 
2.2.1 The Construction Design and Management Regulations  
 
Construction remains a disproportionately dangerous industry where improvements in 
health and safety are needed and that these improvements require significant and 
permanent changes in duty holder attitudes and behaviour HSE (2007c). Consequently, 
the Health and Safety at Work Act 1974 imposes general duties on all employers and the 
self-employed to ensure the safety of their workers and others affected by their work, 
including members of the public (HSE, 2003). Secondary Regulations make these general 
duties more explicit. The principal set of regulations governing the construction industry 
is known as the Construction Design and Management Regulations 2007 (CDM).  
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2.2.1.1 Purpose of the CDM Regulations  
 
According to the HSE (2007c), the CDM Regulations aim is to help ensure that 
construction projects are safe to build, safe to use, safe to maintain and delivers good 
value. The main objective of the CDM regulations is to place legal duties on virtually 
everyone involved in construction work. Those with legal duties are commonly known as 
‘duty holders’ (ibid). They require individual workers to take reasonable care of their 
own health and safety and that of their co-workers. Furthermore, these regulations 
provide a framework for the procurement and management of construction projects and 
the aim being to improve the overall management and co-ordination of health, safety and 
welfare throughout the processes of a construction project (Cameron 2004). Thus, the aim 
is for health and safety considerations to be treated as a normal part of a project’s 
development, not an afterthought (HSE 2007c). 
 
In addition, the CDM regulations 2007, make explicit the roles and responsibilities on all 
those who can contribute to the health and safety of a construction project such as clients, 
designers, principal contractors and others in the supply chain (HSE, 2007c) (Table 2.2). 
These explicit roles and responsibilities that the CDM regulations 2007 enforce in turn, 
encourage more integration, strengthen the requirements regarding co-ordination and co-
operation, particularly between designers and contractors. The other vital objective of the 
CDM regulations 2007 is providing a platform or simplified guide for the assessment of 
competence (both for organisations and individuals) to help raise health and safety 
standards in the construction industry.  
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Table 2.2: Key roles and responsibilities of duty holders’ under the CDM Regulations 
Source: Adapted from the HSE (2007c) 
Duty Holder Responsibilities 
The Client 
The client’s key duties are, as 
far as reasonably practicable, 
to: 
 
• select and appoint a competent CDM coordinator and principal contractor; 
• be satisfied that the CDM coordinator and principal contractor are 
competent and will allocate adequate resources for health and safety; 
•  
• provide pre-construction information to designers and contractors. (Provide 
those bidding for the work (or those who are preparing to carry out the 
work) with relevant information, in your possession or with information that 
can be obtained by sensible enquiries, including surveys and other 
investigations where necessary. This allows those bidding or preparing for 
the work to consider these hazards when making their bids or plans, and 
allows them to allocate resources to control the risks that will arise from 
these hazards. The level of detail of the information should be proportionate 
to the risks involved in the project); 
 
• ensure construction work does not start until the principal contractor has 
prepared a satisfactory construction phase plan ( health and safety plan); 
• ensure the health and safety file (section 3.1.2) is available for 
inspection, after the project is completed. (Retain and provide access to 
the health and safety file);  
• provide the CDM coordinator with information relevant to health and 
safety on the project; 
• ensure there are suitable management arrangements for the project 
welfare facilities on site; and 
• allow sufficient time and resources for all stages. 
The Designer 
(architects, structural 
engineers, civil engineers,  
build contractor , building 
services engineers/ 
consultants  and quantity 
surveyors) 
 
The designer’s key duties are, 
as far as reasonably 
practicable, to: 
• alert clients to their duties and that a CDM co-ordinator has been appointed; 
• consider during the development of designs the hazards and risks which may 
arise to those constructing and maintaining the structure; 
• design to avoid risks to health and safety so far as is reasonably practicable; 
• reduce risks at source if avoidance is not possible; 
• consider measures which will protect all workers if neither avoidance nor 
reduction to a safe level is possible; 
• when preparing the design you should eliminate hazards that may give rise 
to risks; and reduce risks from any remaining hazards; 
• ensure that the design includes adequate information on health and safety; 
 
• provide any information needed for the health and safety file; 
• pass relevant information on to the CDM Coordinator so that it can be 
included in the construction phase plan (health and safety plan); and 
ensure that it is given on drawings or in specifications etc; 
• co-operate with the CDM coordinator and, where necessary, other 
designers involved in the project; and 
• provide relevant information with the design about remaining risks 
aspects of the design of the structure or its construction or maintenance, 
as will adequately assist clients, other designers, and contractors to 
comply with their duties under the Regulations. 
CDM Co-ordinator 
The CDM co-ordinator has to 
co-ordinate the health and 
safety aspects of project 
design and the initial planning 
to ensure as much as they can 
that: 
• notify details of the project to HSE; 
• co-ordinate health and safety aspects of design work and cooperate with 
others involved with the project;  
• facilitate good communication between the client, designers and contractors;  
• liaise with principal contractor regarding ongoing design work 
• advise and assist the client with his/her duties as a client under CDM 
2007; 
• identify, collect and pass on pre-construction information; and 
• prepare/update health and safety file. 
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The Principal 
Contractor 
The principal contractor’s key  
duties are to: 
 
• plan, manage and monitor the construction phase in liaison with contractor 
to ensure, so far as is reasonably practicable, that it is carried out without 
risks to health or safety;  
• prepare, develop and implement a written plan and site rules (Initial plan 
completed before the construction phase begins);  
• draw up and implement the construction phase health and safety plan; 
• give contractors relevant parts of the plan; 
• liaise with CDM co-ordinator regarding ongoing design; 
• ensure that there are adequate welfare facilities are provided for those 
working on the site from the start and maintained throughout the 
construction phase;  
• draw up and implement the site rules as necessary;  
  
• provide a suitable site induction and ensure that those working on site 
have received the training that they need to carry out the work safely 
and without risks to health;  
• ensure the site is suitably fenced and prevent unauthorised people from 
entering the site (Secure the site);  
• ensure that there is co-operation between those working on the site, and 
that work is co-ordinated in such a way as to prevent danger;  
• ensure that there are suitable arrangements for effective consultation 
with the workforce;  
• make sure that the right health and safety information is provided to the 
right people at the right time; 
• make sure suitable welfare facilities are available; and 
• check competence of all appointees. 
Contractors and the 
self-employed 
The key duties are to:  
 
• provide information for the health and safety plan about risks to health and 
safety arising from work and the steps the taken to control and manage the 
risks; 
• co-operate with the principal contractor in planning and managing work, 
including reasonable directions and site rules;  
• ensure that there are adequate welfare facilities for workers;  
•  provide information to employees; 
• provide information when  self-employed act as contractors for the health 
and safety file; 
 
• train own employees;  
• check that the client is aware of duties; 
•  check that a CDM co-ordinator has been appointed and ensure that 
HSE has been notified before the work starts;  
• inform the principal contractor of any problems with the plan;  
• inform the principal contractor of reportable accidents, diseases and 
dangerous occurrences. 
Employees 
Employees should: 
• be entitled to information about health and safety during the construction 
phase; 
• check own competence  
• be able to express their views about health and safety to the principal 
contractor; 
•  co-operate with others and co-ordinate work so as to ensure the health 
and safety of construction workers and others who may be affected by 
the work;  
• report obvious risks. 
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The Approved Code of Practice (ACoP) has special legal status and gives practical 
advice for all those involved in construction work regarding what level of competence is 
expected (HSE, 2007c).  
 
Furthermore, it is through the requirements of the CDM Regulations that risk assessments 
are done for all construction activities during both design and construction phases of a 
project. The core requirements of risk assessments are to identify hazards relevant to 
particular activities, to evaluate their risk and to identify suitable hazard control 
measures. In order to achieve safe systems of work, improved management and 
coordination of health and safety and welfare throughout the construction process is 
required. Furthermore, CDM Regulations outputs such as the health and safety plans and 
the health and safety files ought to be attained. The important CDM regulations outputs 
are discussed later in this chapter. 
 
2.2.2 The Health and Safety Plan 
 
The health and safety plan provides the health and safety focus for the construction phase 
of a project. The health and safety plan should be prepared in time so that it is available 
for contractors tendering or making similar arrangements to carry out or manage 
construction work (HSE, 2006). The CDM Coordinator is responsible for seeing that this 
is done. After being appointed by the client the principal contractor is required to develop 
the health and safety plan and keep it up to date. The health and safety plan according to 
the HSE (2006) should include various requirements (Table 2.3). 
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Table 2.3: Health and Safety Plan Requirements 
Item  Health and Safety Plan Requirements 
a a general description of the work to be carried out; 
b details of timings within the project; 
c information required by potential principal contractors to demonstrate competence or adequacy of 
resources; 
d information for preparing a health and safety plan for all phases of the construction process; 
e arrangements for ensuring the health and safety of all who may be affected by the construction work; 
arrangements for the management of health and safety of construction work and monitoring of 
compliance with health and safety law; 
f information about welfare arrangements. 
g information about restrictions which may affect the work (eg, neighbouring buildings, utility services, 
vehicular and pedestrian traffic flows and restrictions from the work activities of the client). 
h details of risks to workers as far as possible at all stages of the construction process; 
i Arrangements for the identification and effective management of activities with risks to health and 
safety by carrying out risk assessments. These activities may be specific to a particular trade (e.g., 
false work) or to site-wide issues and may include:  
 the storage and distribution of materials;  
 the movement of vehicles on site, particularly as this affects pedestrian and 
vehicular safety;  
 control and disposal of waste;  
 the provision and use of common means of access and places of work;  
 the provision and use of common mechanical plant;  
 the provision and use of temporary services (e.g. electricity);  
 temporary support structures (e.g. falsework);  
 commissioning, including the use of permit-to-work systems;  
 protection from falling materials;  
 exclusion of unauthorised people;  
 Control measures to deal with these should be clearly set out, including 
protection of members of the public;  
 emergency arrangements for dealing with and minimising the effects of injuries, 
fire and other dangerous occurrences.  
 
2.2.3 The Health and Safety File  
 
The Health and Safety File is a record of information for the client or end user, which 
tells those who might be responsible for the structure of the risks that have to be managed 
during maintenance, repair or renovation in future (HSE, 2006). The CDM Co-ordinator 
has to ensure that the Health and Safety File is prepared as the project progresses, which 
should ideally be a continual process throughout the project and not left until the 
construction work is completed for notifiable projects. The Health and Safety File 
requires the CDM co-ordinator to liaise with, the client, designers, principal contractor 
and contractors. The file will contain information necessary for future construction, 
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maintenance, refurbishment or demolition to be carried out safely, and is retained by the 
client or any future owner of the property (Where a client gets non-notifiable work done, 
and a health and safety file already exists for the premises, it should be updated if 
necessary). It is then given to the client when the project is complete. The client has to 
make it available to those who will work on any future design, building, maintenance, or 
demolition of the structure. 
 
2.3 HEALTH AND SAFETY INTEGRATION IN THE UK 
CONSTRUCTION PLANNING AND MANAGEMENT PROCESS 
 
In construction, planning can cover a vast number of activities from pre-project planning, 
through design, to planning specific site activities (Cameron 2004; HSE, 2006b). If 
improvements are to be made, the management of health and safety risk needs to be 
integrated within all project-planning processes. A major contributory factor to poor 
project performance in the construction industry is known to be the lack of integration 
and coordination between the different disciplines involved in various stages of the 
procurement process (Faniran et al., 2001). 
 
As such when the HSE introduced the CDM Regulations it was intended to encourage 
integration of health and safety into project management (HSE, 2007c). According to the 
Office of Government Commerce (OGC) (2002), health and safety issues in the UK 
construction industry are not confined to the construction phase of a project alone, but 
occur throughout the project’s life. The HSE (2007) also emphasise this through the 
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revised CDM Regulations 2007 and encourages the integration of health and safety 
throughout the life cycle of a project. Moreover, many of the common health and safety 
problems encountered during construction and operation could be avoided if due 
consideration and effort were invested during the project brief and design phases (OGC, 
2002).  
 
Various works on integration have sought to integrate various management systems 
covering health and safety (Cameron, 2004). In the UK, there has been a reference to the 
OGC Gateway Framework in recent years, including research and documents such as the 
research that built a health and safety model of the construction process (ibid); 
Accelerating Change, that related to improvement of the construction process in general 
(HSE, 2004b); and Revitalising Health and Safety in Construction, whose aim was 
specifically to improve the health and safety performance in the construction industry 
(HSE, 2004b). These works have sought to take advantage of the principles of the OGC 
Gateway process framework and presented it to the wider construction industry 
population in the UK. Adoption of the gateway process has provided the framework for 
integration of health and safety in the construction process and represents a typical UK 
construction industry health and safety framework and is hence discussed in this study. 
Gateways are strategic points, where strategic decisions are made, while the detailed 
processes which make up each stage of a project needs to be integrated with the 
management of health and safety risk. A background to the gateway process is described 
in the next section to illustrate the integration of health and safety issues at various stages 
of the construction process (Figure 2.3). 
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CONCEPT PHASE IMPLEMENTATION PHASE FEASIBILITY PHASE DESIGN & PLANNING PHASE CONSTRUCTION PHASE 
POSSIBLE NEED FOR PROJECT 
(A) Client appointments: Appoint 
H&S/CDM Coordinator 
(B) Consider need: Client's H&S role 
DEFINE USER NEEDS
(A) Policies & procedures: H&S Policy 
(B) End user needs: Maintenance Needs 
(C) Risk Register: H&S Hazards 
GATEWAY 1 
STRATEGIC ASSESSMENT 
H&S PLAN 
Gate 1: Description of Project 
Concept Phase
Include CDM Coordinator in  ppointments 
if  lient naïve regarding H&S duties. This  
adviser is ideally suited to be appointed. 
Client must confirm H&S commitment. 
OPTIONS TO MEET USER NEEDS
(A) Performance Spec:H&S Performance 
(B) Whole Life Cost: Maintenance/clean 
(C) Value Mgt: Option Evaluation Chart 
(D) End user O&M/FM: Format H&S File 
(E) Initial/Concept designs: SHE Box & 
open H&S Plan & File
Feasibility Phase
Key decisions prior to design, requires 
H&S strategy to be developed with 
Business Case. 
PREPARE BUSINESS CASE
(A) Objectives: H&S Expectations 
(B) Critical Milestones: H&S milestones 
(C) Budget: Welfare & safety costs 
(D) Procurement route: CDM milestones 
(E) Control procedures: H&S Control 
H&S PLAN 
Gate 2: client's 
considerations/management; 
format of H&S File 
Gate 3:environmental hazards/site risks
GATEWAY 2 
PROJECT BRIEF
(A) Define project objective: H&S issues 
(B) Measure success: Project H&S KPI's 
(C) Communicate Risks: Risk Register 
 
FEASIBILITY STUDY OPTIONS
(A) Consider sites: H&S/Env. risks 
Site risks: Risk Register H&S Plan/File 
PROCUREMENT STRATEGY
(A) Confirm strategy: Align with H&S 
(B) Criteria for supply chain: H&S criteria 
resources & competency 
(C) Involve supply chain: Advice on risks 
from specialists & maintenance 
GATEWAY 3 
PROCUREMENT 
STRATEGY
CONTRACT PREPARATION
(A) Develop programme: H&S Milestones 
(B) Review Specification: H&S issues 
(c) Use agreed criteria: Past performance H&S KPI's 
Competence & Resources
H&S PLAN 
Gate 4: F10. Gate 5 or 6: significant design and 
construction hazards; construction phase H&S Plan 
Design & Planning Phase
Team Selection  applies to   any  project team members 
and may be  appointment, negotiation or tender etc. 
Repeat the process as necessary. After Gateway 5 the 
Construction Phase may start. In this case, Gateway 6 is 
during construction and will include a mid-review  of the 
works contract. 
PARTNER/CONTRACTOR SELECTION 
(A) Project info: H&S Plan, existing File 
(B) Negotiation/Tender:H&S Co-operation 
(C) Decision: Judge H&S Performance 
GATEWAY 4 TEAM SELECTION 
AWARD CONTRACT
(A) Contract documents: H&S duties 
(B) Establish Team: H&S Workshop 
(C) Responsibility Chart : H&S duties
OUTLINE DESIGN
(A) Functional brief: RAG Lists, Design Risk Management 
(B)  Construction may start: Construction Phase H&S 
Plan 
GATEWAY 5  OUTLINE 
DESIGN 
POSSIBLE CONSTRUCTION PHASE START 
DETAILED DESIGN
(A) Detailed design process: Reviews, Design Risk  
Management 
(B)  Prepare for construction: Construction H&S Plan 
GATEWAY 6  DETAILED DESIGN 
WORKS CONTRACT
(A) Site establishment: Contractor HS&W 
in place, training & inductions HSE notice 
(B) Contractor design/changes: DRA 
(C) Mgt & Control: SMS, monitoring, 
worker consultation 
(D) Works packages: inspections, audits, 
reporting, input to H&S Plan/File 
(E) Commissioning/testing: Risks during 
use - H&S File 
HANDOVER
(A) Final checks: Final inclusions for 
H&S File 
(B) Complete commissioning/testing: 
Safety equipment, rescue procedures 
(C) User mgt documents: H&S File, 
training documents 
GATEWAY 7 
PROJECT HANDOVER 
H&S PLAN 
Gate 7: Completed H&S File 
Construction Phase
Gateway 7 is for performance review and 
link with Maintenance Phase. 
 
FEEDBACK
(A) Lessons learnt: Incidents & accidents 
during operation 
(B) Users feedback: Continuous 
improvement 
Maintenance Phase
Repeat on-going reviews. Feed relevant 
H&S information into H&S for future 
projects. 
H&S FILE
(16) Contract Review - H&S feedback 
(16) Ongoing reports during maintenance 
GATEWAY 8 
MONITOR & 
REVIEW
Figure 2.3 Gateway Model for Management of Construction 
Health & Safety 
Source: HSE (2004b) 
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The OGC framework allows various procurement routes to be adopted and acknowledges 
that no matter which method of procurement is chosen, there are various common 
processes that need to be fulfilled (Cameron 2004; HSE, 2006). It is also primarily for 
general project management purposes, rather than being health and safety specific and 
was thus developed into a gateway model with CDM milestones (Figure 2.3). The OGC 
publication “Gateway Review: Leadership Guide” (OGC, 2004) describes a gateway 
review as “a review of a procurement project carried out at a key decision point by a 
team of experienced people, independent of the project team”. This process facilitates 
consideration of the critical aspects of a project at key points through its life i.e., the 
concept and feasibility phases; design and planning phases; construction phase and 
implementation phase. The system therefore provides assurance that everything is in 
place prior to progressing to the next stage and assists in developing and achieving more 
realistic targets.  
 
2.3.1. Concept and Feasibility Phases 
 
The concept and feasibility phase comprises three gateways and include the following: 
strategic assessments; project risk assessment and the procurement strategy of the 
construction process.  
 
2.3.1.1 Gateway 1: Strategic Assessment 
 
This is the first of 3 gateways during the concept and feasibility phases prior to design. At 
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this stage the client appoints a competent CDM Coordinator. It is good proactive practice 
to involve the end user as soon as health and safety information is known. At this stage 
expected strategic objectives are set and strategic decisions taken. This will include 
defining outline policies and identifying the main project or programme risks (including 
health, safety and environmental, etc). The strategic objectives and decisions are included 
in the risk register and that financial provisions are made for those issues identified for 
CDM compliance and other health and safety matters such as a budget for the 
Coordinator; provision of adequate communication channels for all stakeholders to 
communicate views on health and safety matters; and a budget for safe cleaning and 
maintenance of the finished structure. This provides the initial information for the Health 
& Safety Plan at this point. 
 
2.3.1.2 Gateway 2: Project Risk Assessment 
 
This stage sees the development of the business case and marks the time when all project 
performance specification options are considered (Cameron 2004). The project 
performance specifications allow the supply chain to use materials, components and 
mechanical and electrical plant which meet the functional and health and safety 
requirements. At this stage, the maintenance and cleaning budget is included in the cost 
analysis. There is also need for an interface with the CDM Coordinator to allow sufficient 
consideration of the true cost of risk mitigation in dangerous activities during cleaning 
and maintenance, which may be significant in the overall whole-life cost of the structure.  
A key issue within Value Management is evaluating and choosing the best option. A tool 
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used for this purpose is the Option Evaluation Chart (Hare et al., 2006). This takes the 
form of a matrix in which various options are compared, applying all the critical factors 
essential to satisfying the project objectives. Those options that best suit the objectives 
are chosen. By making health and safety an objective it can be given an appropriate 
weighting during this decision making process. The related objectives with health and 
safety dimensions, buildability and maintainability, could also be considered.  
 
The preparation of the business case would require more detailed health and safety input. 
This is an ideal time to introduce key health and safety objectives. These will serve, 
during the later project review, to indicate whether the project has been a success in 
health and safety terms. The relationship of health and safety objectives with the overall 
project objectives should be made clear in the business case. As the business case 
develops a project programme will evolve, initially with general strategic items but 
eventually becoming more detailed as the project advances. Key CDM milestones are 
integrated into the programme at this point. As the programme develops more health and 
safety milestones can be added. Gateway 2 is a point when the business case is 
confirmed. It is a stage when the project team confirm, based upon early project 
information, that the project is technically feasible, financially viable, plans are in place 
to manage the risks identified and the scope of the business case is realistic and 
timescales and plans are in place (HSE, 2003d). All of these can have an impact on health 
and safety.  
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2.3.1.3 Gateway 3: Procurement Strategy 
 
Gateway 3 marks the end of the concept and feasibility phases. As such a great deal of 
the initial planning should be completed to such a stage that only design risk needs to be 
addressed at the next phase. At this stage a key function of the brief is to communicate 
information. In health and safety terms the key issues to communicate are hazards and 
risks. Reference to the project risk register is therefore vital if the main risks identified 
are to be communicated to the next stage of the project. When the site is chosen or the 
construction solution is decided, the existing health, safety and environmental risks will 
need to be identified, as required by CDM regulation. At this stage the Risk Register is 
used to communicate this information; however, as more information is gathered the 
Health and Safety Plan will receive the bulk of this information and the Risk Register 
should serve as a summary document and show how health and safety is embraced in the 
overall risk management of the project. As the procurement strategy develops so must the 
CDM compliance strategy. Again the Health and Safety Plan is developed as required 
and in tandem with procurement planning. Selection of the supply chain requires the 
definition of health and safety requirements, risks and risk management strategies. These 
should be agreed at this point. Residual risks that require the input of specialists, to 
manage safely, may mean their early involvement at this stage. 
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2.3.2 Design and Planning Phase 
 
This phase marks the beginning of the design phase and allows various options to be 
incorporated for the selection of the whole project team and may include appointments, 
negotiation or tender processes or involve designers, consultants and contractors 
depending on the procurement strategy adopted. This phase includes: gateway 4 (partner 
or contractor selection) and gateway 5 (outline design).  
 
2.3.2.1 Gateway 4: Partner/Contractor Selection 
 
Development of the project programme and specifications should follow, and build on the 
outlines previously mentioned in respect of health and safety milestones on the 
programme and output specifications by designers and specifiers (HSE 2006). Health and 
safety milestones at this stage should be more specific and relate to the individual 
responsibilities of each CDM duty holder (ibid). Regardless of the form of procurement, 
careful supply chain selection will always be a feature of well-managed construction 
projects. Health and safety criteria should be seen as a key factor in the selection of the 
supply chain.  
 
Communication of the health and safety risks through the risk register and Health and 
Safety Plan is essential during any negotiation or tender process. Communication of risk 
is essential to allow properly priced tenders to be developed. Even if a partner or 
contractor has been appointed based on previous partnering or project collaboration, this 
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information is still essential as it will be required for planning each team member’s input 
to the project. The information is disseminated among the planners, quantity surveyors 
and other decision makers and this process will probably require interaction between 
these people and discussion of risks with the CDM Coordinator. Another added 
advantage of the Plan is that it can be used to ask questions of partners and contractors 
regarding specific risks or residual risks and, hence, gauge their competency and culture 
of their management. Gateway 4 is a critical point as it marks the move into the main 
design phase. It’s main purpose is to confirm that the earlier plans are being 
implemented, which should ensure that documents such as policy statements, the Health 
and Safety Plan and Risk Register have not just been prepared as an action of compliance 
but are used to the benefit of the project. This gateway coincides with completion of form 
F10 by the CDM Coordinator to inform HSE of the Project.  
 
2.3.2.2 Gateway 5: Outline Design 
 
On award of the contract there are a series of sub-process, which happens regardless of 
procurement route. Just as the terms of the contract need to be acceptable to all parties 
concerned, the level of health and safety performance expected from each party to the 
contract is considered. This is the time when the decisions are made by any of the 
contracting parties to accept or decline the contract. Since Gateway 5 leads into the 
construction phase, the specific issues relating to initial construction activities need to be 
considered. Analysis of the method of construction goes hand in hand with the 
contractor’s Risk Assessment required by the CDM Regulations. Development of the 
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construction phase programme should include cross-references to the Health and Safety 
Plan and include health and safety milestones. Gateway 5 therefore should confirm that 
the design has progressed to a pre-specified, acceptable level and no major client changes 
will be made. Demonstrable proof that risks are eliminated or reduced through good 
design is also sought. This is aimed at aiding the risk management process rather than 
being a back covering exercise or an after-thought.  
 
2.3.3 Construction Phase 
 
The overall design is well established at this point. This phase marks the starting point of 
the construction phase in the construction process. It includes gateway 6 (detailed design) 
and gateway 7 (project handover). 
 
2.3.3.1 Gateway 6: Detailed Design 
 
The emphasis at this stage is the development of specific details and the co-ordination of 
specialist contractors. This co-ordination that is necessitated by the design process also 
lends itself to a collaborative approach to hazard identification and risk management. Use 
of the Risk Register as a tool to manage the process helps and provides an audit trail. A 
continuous process of reviewing and updating of the Health and Safety Plan and File 
must be undertaken. If the contractor or nominated subcontractors are appointed by this 
point, then their inclusion in the collaborative risk management process is beneficial in 
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the context of their interest in buildability. This involvement is conducive to better health 
and safety planning and risk avoidance, as well as possible productivity improvements 
during construction. 
 
2.3.3.2 Gateway 7: Project Handover 
 
At this stage the emphasis will change to short-term planning and operational issues 
(Cameron 2006). It is important however, that the outcomes of the earlier planning work 
are communicated and implemented during the construction phase. Communication of 
the Health and Safety Plan, residual risks and other health and safety issues need to be 
part of the ongoing planning of construction work. At handover an important inclusion is 
the Health and Safety File. Integration of the file with other handover documents is 
recommended. However, the information still needs to be easily extracted for future use. 
Other uses, other than CDM compliance, may be for training of end users and 
maintenance personnel. The safety information held in the File could prove invaluable to 
users, cleaners and maintenance staff, if appropriately presented. At this stage the 
contractor and supply chain performance is reviewed. Gateway 7 marks the end of the 
construction phase.  
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2.3.4 Implementation Phase 
 
The final phase of the gateway process is the implementation phase and includes gateway 
8 (monitor and review). 
 
2.3.4.1 Gateway 8: Monitor and Review 
 
In order to benefit fully from this feedback point it should be carried out during the 
maintenance phase. This will allow the end users, operating staff and maintenance 
contractors to evaluate the success of the project in operation and as such is an ongoing 
process. It is recommended that the lessons learnt should be recorded in the Health and 
Safety File. In this way future work can benefit from any mistakes and initiate 
improvements in project planning, design and construction practice. It could also be used 
in future demolition and decommissioning works. 
 
This section presented the background of health and safety procedures that are found in 
the UK construction process. It has also highlighted how expected outcomes of health 
and safety issues are integrated in the construction process including the various 
stakeholders that initiate construction programs at each stage of the process. It is clear 
that the key issue at all the stages of the gateway process is as far as is eliminate possible 
risks through careful design, substitution of hazardous materials, avoiding unsafe 
construction operations and or sequences, eliminating the necessity for elaborate works, 
etc. As safety problems at the various stages usually relate to several factors i.e., the 
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construction methods and sequences adopted; the adequacy of temporary works; the site 
management regime; weather conditions; human error; and the safe handling of materials 
used; etc., in the course of construction operations, safety problems can be addressed in a 
proactive way. The project team is required to raise potential safety problems early so 
that they can be resolved. The next section critically reviews further construction health 
and safety research and health and safety information technology development. 
 
2.4 ANALYSIS OF CONSTRUCTION HEALTH AND SAFETY 
RESEARCH AND SYSTEMS 
 
Despite the introduction of the CDM regulations and well-structured integrated health 
and safety for mitigation of accidents or ill health in the construction processes, 
limitations still exist. These limitations are reflected in the number of construction 
accident occurrence as reflected in the data collected by the HSE (Chapter 1).  These 
limitations have prompted the initiation of various research works to be undertaken aimed 
at understanding the causes of construction accidents and in the process developed 
diverse health and safety theories, models and Information Technology (IT) systems 
aimed at identifying the sources of risk factors in the construction process. 
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2.4.1 Sources of Safety Risk Factors in the Construction Process  
 
Why do accidents happen? This is a familiar question and one that has resulted in a lot of 
research since the turn of the century (Stranks 1994). Abdelhamid and Everette (2000), 
observe that nothing is more critical to a successful accident investigation than 
identifying accident causes as accidents are seldom, if ever the result of a single cause.  
The belief that accidents are caused and can be prevented makes it imperative to study 
those factors that are likely to favour the occurrence of accidents. By studying such 
factors, the root causes of accidents can be isolated and necessary steps can be taken to 
prevent the recurrence of the accidents (Holt, 2001). 
 
The root causes can be grouped as “immediate” and “contributing”. The immediate 
causes being unsafe acts of the worker and the unsafe working conditions, while the 
contributing causes are management-related factors, the environment and the physical 
and mental condition of the worker. In most cases, a combination of causes must 
converge in order to result in an accident. Furthermore, when the causes of accidents are 
understood, preventive procedures have a greater probability of being effective (Hinze 
and Russell, 1995). 
 
2.4.1.1 Accident Theory/Model Development 
 
Many researchers have dealt with the problem of accidents from various disciplines, such 
as medicine, sociology, psychology, engineering, management science and education. 
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Depending on the scientific background of the researchers, various theories, models, and 
hypotheses have been utilised to motivate the choice of factors to be studied. For example 
in an agricultural context Suutarinen (2003) suggested that accident research should start 
from the need to act on the human and monetary costs of occupational accidents. As a 
result, scientific efforts in this area have understandably, been of an applied nature. 
 
However, in 1930, Heinrich for example pioneered research in accident causation theory. 
Heinrich (1959) discussed accident causation theory/model, the interaction between man 
and machine, the relation between severity and frequency, the reasons for unsafe acts, the 
management role in accident prevention, the cost of accidents and finally the effect of 
safety on efficiency. Above all, Heinrich developed the domino theory and/or model of 
causation, in which an accident is presented as one of five factors in a sequence that 
results in an injury as illustrated below in Figure 2.4. 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 Heinrich Domino Theory 
Source: Birds (1976) 
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Although some of Heinrichs’ views were criticised, his work was the foundation for the 
others. Over the years the domino theory has been updated resulting in models that were 
labelled as management models or updated domino models. Management models try to 
identify failures in the management system. Examples of these models include, updated 
dominos sequence Birds (1976), and Weaver’s (1971) updated dominoes. Other 
management non-domino based model and/or theories have been developed such as, the 
multi-causal theory (Petersen, 1971). In this theory Petersen believed that many 
contributing factors, causes, and sub-causes are the main culprits in an accident scenario.  
There is little work in the current literature about the construction industry-where 
attempts to model the contribution of underlying factors in the accident process have been 
demonstrated (Suraji et al., 2001). Some models that have been developed are briefly 
discussed in this study. 
 
2.4.1.2 Accident Causation in the Construction Industry 
 
Various researchers have tried to understand the source of risk factors in the mitigation of 
accidents and ill health of the construction process. Construction accident investigation 
techniques and reporting systems identify what type of accidents occur and how they 
occurred. Unfortunately, according to Abdelhamid and Everett (2000) they do not 
properly address the identification of possible root causes relating to why accidents 
occurred, which they suggest is only possible by complementing these techniques with 
theories of accident causation and theories of human error. In addition, Abdelhamid and 
Everett (2000) believe that the uniqueness of the construction industry dictates the need 
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to tailor many of the contemporary accident causation models of human error theories. It 
is in this regard that they introduced a model known as Accident Root Causes Tracing 
Model (ARCTM) tailored to the needs of the construction industry. It represents the 
further development and synthesis of many of the previously mentioned models. 
 
The ARCTM (Figure 2.5) attempts to direct the attention of the investigator to the 
conditions that existed at the time of the accident and antecedent human behaviour. It was 
designed to guide the investigator through a series of questions and possible answers to 
identify a root cause for why the accident occurred, to investigate how the root cause 
developed and how it could be eliminated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5: Accident Root Causes Tracing Model (ARCTM) 
Source: Abdelhamid and Everett (2000) 
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Abdelhamid and Everett (2000) attributed unsafe conditions to four main causes: 
management action/inaction, unsafe acts of workers and co-workers, events not 
directly human related (such as equipment failure and natural disasters), and unsafe 
conditions that are a natural part of the construction site (such as uneven terrain and 
concealed ditches). This approach is consistent with conventional accident root-cause 
analysis, focusing solely on the actions and inactions of the constructor, rather than 
adopting a broader view of accident causality that looks at upstream influences, 
including the design process (Suraji et al, 2001). 
 
Abdelhamid and Everett s’ ARTCM philosophy is thus summarised in three points; 
1. workers who do not have sufficient training or knowledge about their jobs should 
not be expected to identify all unsafe conditions surrounding their work and avoid 
the possible accident situations. 
2. workers who do have the training and knowledge about their jobs but still decide 
to work unsafe will never be accident-free unless their attitudes toward safety 
change. 
3. management procedures should be designed to identify and remove unsafe 
conditions in a proactive manner, and management should always reinforce the 
value and importance of safety among workers 
 
Other researchers have however, had misgivings about ARCTM as having not 
sufficiently addressed the real root causes of accidents. Gibb et al (2001) for example, 
pointed out that this model focused on three possible issues to consider as corrective 
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actions-namely, worker training, worker attitude, and management procedures. They 
argued that the importance of the project concept and design is not implied in ARCTM. 
While the ARCTM model yields more comprehensive information than was previously 
collected, it failed to unearth failures upstream of the site itself. The exclusive 
concentration on site-generated accidents will ignore the many other managerial and 
professional failures that can precipitate dangerous site conditions and behaviour. These 
can so often be the root causes of construction accidents.  
 
Suraji et al (2001) also note that construction models are generally more concerned with 
theoretical description than with practical investigation. They further state that these 
construction models do not deal with the extent to which causal factors may be 
eradicable, reducible, or avoidable and that no attempts are made to structure the 
organizational and operational factors, which may increase the risk of accidents. There is 
still a lack of explanatory detail in these models/theories about which factors make a 
significant contribution to construction accidents. They therefore proposed a conceptual 
model of accident causation for the construction industry, highlighting the underlying and 
complex interaction of factors in the causation process as shown in Figure 2.6. This 
approach classifies the causes of accidents as proximal factors and distal factors, many of 
which may be provoked by actions of clients, designers, and contractors as well as 
operatives.  
 
Suraji et al (2001) suggest that all participants involved in a construction project may 
provoke, intentionally or unintentionally, inappropriate system states. Participants in the 
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construction process have potential opportunities to initiate risk factors that are likely to 
increase the risk for an accident. These factors may originate from project conception and 
transmitted through the project development and design phases then subsequently result 
in inappropriate system states during construction operations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Conceptual Accident Causation Model 
Source: Suraji et al (2001) 
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Thus everyone involved in the construction project has the potential to initiate, influence 
or control these factors through one or more of the following: strategic project decisions; 
project design; selection of technology; project or construction management; and 
supervisory or production activity (Suraji et al., 2001). 
 
Other researchers have also explored the issue of accident causation and came up with 
various conclusions. Whittington et al (1992), for example, concluded that poor 
management decision-making and inadequate management control are major contributors 
to many construction accidents. According to them, an accident causation process could 
be broken down in a sequence of failure initiation, classed as individual failures, site 
management failures, project management failures and policy failures.  
 
Other models however, assume that the risk of an accident may be generated by worker 
distraction caused by either physical hazards or mental diversion (Hinze, 1996). The 
theory by Hinze analyses the interrelationships between probability of injury occurrence, 
efficiency of work accomplishment, and the mental distraction experienced by the 
worker. Levitt and Samelson (1993) also note that people in higher positions of authority 
have more potential of producing risk factors than people in lower positions as they may 
have a wider influence on the process. Organisational factors associated with safety 
performance include top management’s attitude toward safety (Levitt, 1975), 
organisational culture (Molenaar et al., 2002), safety climate (Mohamed, 2002), 
superintendent practices (Levitt and Samelson, 1987; Hinze and Gordon, 1979), and 
turnover (Hinze, 1978). Hinze and Parker (1978) found that job pressures and crew 
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competition are related to more injuries whilst good working relationships that were 
found could improve safety.  
 
From this discussion, it is comprehensible where the sources of failures can be found and 
that effective mitigation of accidents or ill health requires a thorough identification and 
analysis of all probable factors that are present across the construction process from 
inception to completion of a project. 
 
2.4.2 The Efficacy/Deficiency of Information Technology Systems in the 
Construction Industry 
 
Limitations and failures in the mitigation of accidents or ill health in the construction 
industry have also initiated the development of various health and safety Information 
Technology (IT) systems. These IT systems have mainly focused on the identification  
and analysis of probable risk factors (including health and safety factors) in the 
construction process. Examples include systems such as the critical path method (CPM) 
scheduling systems (Kartam 1997; Coble et al., 2000; Chen et al., 2000) whose aim was 
to introduce health and safety considerations as early as possible during the project. The 
intention in these systems was to identify general safety hazards and issues associated 
with broadly classified schedule activities for use in planning. Such incorporation of 
safety within the construction schedule allows advance planning to take place, for 
example, pre-ordering special equipment and materials to deal with a hazard or arranging 
safety training for future work (Coble et al., 2000). These systems rely on safety database 
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systems. Information sources of these databases can include data from health and safety 
professionals, research results from field studies, existing databases and computerised 
standards and regulations from safety institutions such as the HSE in the U.K. and the 
Occupational Safety and Health Administration (OSHA) in the U.S. This safety 
information is then linked to the CPM project files. Many project CPM networks contain 
thousands of activities so the safety information is accessed via links on the schedule 
rather than being superimposed directly onto the network. The results of this type of 
research are proactive safety systems that give management advance warning of general 
safety issues, which allows effective planning and response. 
 
Other studies have described systematic ways of considering and quantifying uncertainty 
in construction schedules (Mulholand and Christian, 1999). The system incorporates 
knowledge and experience acquired from experts, project-specific information, decision 
analysis techniques, and a mathematical model to estimate the amount of risk in the 
construction schedule at the initiation of a project. The model provides the means for 
sensitivity analysis for different outcomes wherein the effect of critical and significant 
risk factors can be evaluated.  Carter and Smith (2001) suggested hazard referencing as a 
possible solution to the problem of hazard identification. This system has the capability 
of linking hazards to tasks so that a complete risk assessment could be produced 
automatically when a methodology is devised. The system was developed as a Dynamic 
Data Driven (DDD) website. It was developed using Allaire ColdFusion (CF), a 
commercially available web application server. The system has a three-tiered structure 
(Figure 2.7). The first tier is the client side of the system, or user interface, and is 
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accessible to users via a standard web browser. Individual web pages are produced using 
the ColdFusion Markup Language (CFML), which is modelled on the Hypertext Markup 
Language (HTML). The second tier contains the CF server. When the browser requests a 
CFML page from the CF server, the server processes the CFML code and connects with 
backend systems, e.g. databases or excel files. The CF server then dynamically generates 
the page in standard HTML format that can be viewed by the client on any standard 
Internet browser. The third tier consists of a central safety database, which does not have 
to be on the same server so long as CF knows where to find it. CF connects to the 
database, created in Microsoft Access, via Open Database Connectivity (ODBC). CF is 
an ODBC client, which means that the database language used is Structured Query 
Language (SQL). All of this means that the user has the power to view, update, insert or 
delete data from the database using a familiar and simple web-based interface. 
 
 
Figure 2.7: Structure of Hazard Referencing IT tool (source: Carter and Smith, 
2001) 
 
 Aranda and Finchy (2003) considered the use of navigable movies as a way to train users 
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in hazard identification and safety improvement within the construction industry. This 
system involved users navigating a construction site from a ‘first-person’ perspective, i.e. 
through the eyes of the ‘virtual operative’. The user identifies hazards and can suggest 
what needs to be done to improve safety. Furthermore, Gambatese and Hinze (1999) 
developed a design tool that helps designers to identify project-specific safety hazards. 
This tool’s development was in an effort to improve construction worker safety while at 
the design phase. Cagno et al (2001) also developed an algorithm for the scheduling of 
measures within a safety improvement program. Tam et al. (2000) devised a method of 
allocating resources according to the order of priority after comparing safety 
improvement measures developed in the construction industry. Hadikusumo and 
Rowlinson (2002) developed a tool for the visualisation of the construction process, 
which could help identify those safety hazards, which are produced during the design 
phase. This system explored the potential benefits of using virtual reality to overcome the 
problems of safety at the design stage. By using the safety database the virtual reality 
could be analysed to identify possible safety hazards and assign preventive measures at 
the completion of the design stage.  In addition, Saurin et al (2004) developed a safety 
planning and control (SPC) model, which integrated safety management with the 
production planning and control process. The research considered “long-term planning” 
to mean each major work package for the project. General activities were planned whilst 
identifying the risks directly associated with the work package as well as those common 
to all work packages. This planning stage included the subcontractors who would 
undertake the work package. 
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From this review, it is evident that the various health and safety research work and IT 
systems development have been undertaken with the intention of identifying and 
understanding the root causes of construction accident thereby ensuring health and safety 
regulatory compliance. The research works have identified limitations in the construction 
industry health and safety practice and have attempted addressing these limitations 
accordingly. However, despite these developments of health and safety systems, there 
still remains inherent limitations in these systems that limit effective construction 
accident and ill health risks factors identification and analysis in the construction 
industry. For example, Carter and Smith (2001) system suffer a lack of multi-sensory 
capabilities, as the output of the analysis is often based on textual information and 
therefore lessens the ability to interpret and utilise health and safety data. All the health 
and safety systems reviewed lack the capacity to store the informative health and safety 
material such as that generated by the Health and Safety Executive or indeed data from 
various systems and agencies. The volume of data clearly overwhelms the data analysis 
methods such as spreadsheets and ad-hoc queries in these systems as they can create 
informative reports from data, but cannot analyse the contents of those reports. 
 
Furthermore, current tools lack the ability to integrate data as they lack robust analytical 
tools for analysing the isolated data collected and collated by various agencies in the UK.  
Furthermore, current tools lack the ability to integrate different and varied datasets 
together to have a broader picture of what is happening geographically around a region. 
Such integration creates a solid platform for predicting futuristic accident trends and 
providing visual identification of potential accident spots, thereby widening and 
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providing a proactive solution to future accident prevention strategies. This also offers the 
opportunity for different and varied datasets from every facet of the industry to be 
integrated in order to produce new visual information through highly detailed maps that 
can be analysed together rather than singularly. Related data, such as land use, 
population, and the road network characteristics of an area in for instance, the crossings 
vicinity, cannot be accessed in the present safety procedures. In addition to the inability 
to integrate, current tools lack the ability to visualise accident data in ways that may 
provide a platform for efficient manipulations of information to gain new insights such as 
establishing spatial association between accidents and other factors, thereby establishing 
gaps in causation factor identification. 
 
2.5 CHAPTER SUMMARY 
 
This chapter has provided an overview of the health and safety legislative structure in the 
UK construction industry. The necessary procedures and requirements that need to be 
followed in order to achieve desired health and safety outcomes have been discussed. An 
overview of the organisation of health and safety practices in the UK construction 
industry was presented. Furthermore, requirements set in the Health and Safety 
legislation and highlights of the duties of stakeholders in the construction process in 
ensuring that risk to health and safety of worker from work activities are properly 
controlled were examined. The focus on the requirements of CDM regulations and review 
of current health and safety procedures also highlighted the operations of the HSE and 
expected outputs from various CDM duty holders in the construction process.  This 
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chapter examined the integration of health and safety issues in construction project 
planning, highlighting health and safety outputs in the process. It shows what is expected 
in terms of health and safety outcomes according to the CDM regulations from different 
stakeholders in the construction process. A review of recent research work in the field 
and the development of a variety of health and safety systems for integration in the 
construction process and the identification of accident causation factors was also 
provided. It is within this chapter that an emphasis for the need for designing of a system 
that enhanced the utilisation of health and safety information and identification of 
causation factors was discussed. 
 
It is clear from this discussion that a considerable volume of health and safety 
information is supposed to be conveyed between the various stakeholders involved in the 
construction process. However, what remains unclear is whether or not there is adequate 
health and safety information at the CDM dutyholders’ disposal that would lead to robust 
health and safety outcomes for integration in the construction process. To this effect a 
pilot survey was conducted among construction stakeholders, to ascertain their 
requirements and to determine the availability and utilisation of health and safety 
information in the UK construction process. This pilot survey forms part of this study and 
is discussed in the following chapter.  
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CHAPTER THREE: LIMITATIONS AND 
REQUIREMENTS OF HEALTH AND SAFETY IN THE UK 
CONSTRUCTION INDUSTRY: FINDINGS FROM THE 
SURVEY 
3.0 INTRODUCTION 
 
This chapter introduces issues relating to the collection and analysis of the survey data 
and is grouped into nine sub-sections.  
 
Section 3.1 addresses the aim of the survey and illustrates the methodological procedures 
adopted for this survey.  Section 3.2 addresses how the potential respondents for the 
survey were identified. The method for choosing the appropriate sample size is also 
discussed. This is followed by a description of the sampling frame.  
 
Section 3.3 comments on the survey instruments utilised in the survey. This section 
highlights the ethical considerations taken in the survey and also addresses issues relating 
to the development of a Web-based on-line survey. This section further discusses the 
survey instruments distribution and how the collected data was edited and prepared in 
readiness for analysis. The presentation and interpretation of the findings are given in 
section 3.4.  
Sections 3.5 and 3.6 discuss and highlight the limitations and requirements of the current 
UK construction planning health and safety techniques. It is within this section that an 
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emphasis for the need for designing of a system that enhances the utilisation of health and 
safety information and identification of causation factors is discussed. Section 3.7 
highlights the proposed analytical approach that would enhance the analytical process for 
CDM duty holders and the HSE. Finally, section 3.8 summarises the chapter. 
 
3.1 SURVEY  
 
After reviewing current health and safety procedures, a survey was conducted as a means 
of ensuring feedback on the current utilisation of health and safety information in the UK 
construction industry. In achieving this, the survey provided a means of understanding 
the practitioner’s (CDM duty holders) perception of existing systems and their 
expectations for new developments (Aouad and Sun, 1999; Oloke, 2003). 
 
3.1. 1 Aim of the Survey 
 
The aim of the survey was to allow for valuable inputs from CDM duty holders in the UK 
construction industry, collecting their views on existing health and safety information use 
and storage procedures and exposing inherent problems associated with them. The survey 
also enhanced the need and design of a system that met the CDM duty holder’s 
requirements. Furthermore, following Oloke (2003), investigations conducted as part of 
such a survey can yield two-fold benefits and these include firstly, publicising the 
research in order to engender wider participation and secondly, serve to channel ‘much-
desired’ input and collaboration from the industry.  
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3.1.2 Survey Methodology 
 
Following Oloke (2003), a methodology was formulated as is illustrated in Figure 3.1. A 
questionnaire was initially prepared for the survey. An initial pilot survey was then 
conducted to test the suitability and comprehensibility of the questionnaire.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Flowchart of Pilot Study Methodology 
Source: Adapted from Oloke (2003) 
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the particular organisation was contacted again; and further correspondence with the 
particular organisation depended on the second response. Data collected was then 
evaluated to: establish practitioner information management requirements and limitations 
in the utilisation of health and safety information utilisation; and aid in the formulation of 
the research work. An in-depth description of each of the processes is now discussed.  
 
3.2 SURVEY SAMPLE 
 
Sampling refers to the selection of units of analysis for a study (Seale, 1999). In this 
study, respondents from across the UK construction industry were selected by purposive 
sampling. Purposive sampling is a type of non-probability sampling, which is 
characterised by the use of judgment and a deliberate effort to obtain or select 
representative samples (respondents) by including typical areas or groups in the sample 
(Kerlinger, 1986; Rea and Parker, 1997; Struwig and Stead, 2001). Krathwohl (1998), 
states that purposive sampling is where samples are assembled by intentionally seeking 
individuals or situations likely to yield new instances or greater understanding of a 
dimension or concept of interest by selecting information rich cases for in-depth study. 
Pasha (1979) also indicated that the technique of purposive sampling is an appropriate 
method under conditions in which it is appropriate for the researcher to select a sample 
on the basis of their knowledge of the population, its elements, and the nature of the 
research aims.  
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Purposive sampling strategies therefore are designed to enhance understanding of 
selected individuals or groups’ experience(s) or for developing theories and concepts. 
Researchers seek to accomplish this goal by selecting “information rich” cases, that is 
individuals, groups, organisations, or behaviours that provide the greatest insight into the 
research question (Devers and Frankel, 2000). This means, using ones common sense and 
the best judgment in choosing the right people for the purpose of a study.  This method of 
sampling was selected because the survey was constituted to obtain opinions, 
perspectives and experience of the respondents. The following section outlines how 
purposive sampling method was used to select key respondents from the population of 
CDM duty holders. 
 
3.2.2 Survey Sampling Frame 
 
The focus for the data collection was the CDM duty holders identified in the gateway 
process in Chapter 2. The study drew on the expertise of CDM duty holders involved in 
the construction process. This was due to the first-hand experience of CDM duty holders 
and their likelihood to reveal their perceptions and knowledge on health and safety 
procedures in the construction industry. The key respondents were thus identified as 
possessing particular knowledge, skills or experience in the subject area under study and 
presented an ‘occupation perspective’ of the use of health and safety information and 
technologies at their organisations in the construction process. The population of 
potential respondents was mainly sourced from the Civil Engineering Contractor 
Association (CECA) (2005) (Appendix I). Furthermore, consulting architectural, 
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professional quantity surveying and consulting engineering firms were searched from the 
internet using search engines. This sampling technique meant that firms with CDM duty 
holders involved in the construction process were adequately represented.   
 
Arriving at the sampling frame for the survey required critical examination of the CECA 
membership list and the other consulting firms from the internet. The CECA list provided 
contact email and web addresses for all the members and therefore, it was easy to 
correspond with the various organisation contact persons who were usually senior 
managers in the respective organisations. 
 
3.2.3 Selection of Survey Respondents   
 
The selection of respondents within the firms was conducted under purposive sampling 
represented CDM duty holders in the construction process. The CDM duty holders, 
which included Client, designers, CDM coordinators and contractor representatives (and 
included site managers, site planners and site engineers, quantity surveyors, architects, 
consulting engineers) were selected because of their position and their designated 
responsibilities in the construction process. These representatives are to be found within 
the policymaking units and are directly in charge of the administrative or construction 
management functions. They also translate the various project policies into plans, 
programmes and projects in accordance with client and CDM regulations aspirations and 
objectives. Thus, the formulation of policy guidelines for implementation and 
management, together with operational responsibility for projects and issues pertaining to 
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health and safety, comes from the respondents chosen for this survey. Thus, this sampling 
frame was appropriate for the survey.  
 
Consequently, out of the 310 members from the CECA member list, 200 members were 
selected. 200 members were targeted because some of the contact addresses provided in 
the list were not reachable by email and in some cases the websites provided could not 
link up to company organisational charts or contacts. In addition, another 15 respondents 
representing CDM dutyholders in the construction process such as such as architects, 
quantity surveyors and engineers were sought and selected from the internet searches. 
Thus a sample size totalling 215 respondents was obtained (Table 3.1). The data to be 
obtained from such a sample size as large enough for the sampling distribution of the 
population. Ary et al (2006) explained that the purposive sample selected in qualitative 
methodology is typically small but believed to be sufficient in providing maximum 
insight and understanding of what is being studied.  
 
Furthermore, Ritchie and Lewis (2003) note that as a very general rule of thumb, 
qualitative samples for a single study involving individuals only often lie under 50... If 
they become much larger than 50 they start to become difficult to manage in terms of 
quality of data collection analysis that can be achieved... Certainly if they reach as high as 
70 to 80 the scale should be questioned and retained only if there clear reasons for 
proceeding with a larger sample. A larger sample was targeted in this research to allow 
for any eventual non responses from the respondents which is common in studies of this 
kind. 
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Table 3.1: List of Survey Respondents 
 
Firm Category Number of Selected 
Firms 
Number of 
Respondents 
Professions 
Contractors 100 2 per firm Project Managers, 
Contract Managers, 
Site Engineers, Site 
Agents, Estimators, 
Planners 
Professional 
Quantity Surveyors 
5 1 per firm Quantity surveyors 
Architectural  5 1 per firm Architects 
Consulting 
Engineering  
5 1 per firm Engineers 
Total Number of 
Respondents 
215 
 
3.3 THE SURVEY INSTRUMENTS 
 
To elicit opinion and provide relevant feedback, the survey was conducted using a semi 
structured questionnaire (Appendix II) and an introductory letter that explained the nature 
and purpose of the questionnaire (Appendix III). The survey took a progressive approach, 
involving a qualitative exploration of the users’ concepts of health and safety, storage, 
analysis and usage issues, in order to qualify the questionnaire-based survey in terms of 
content and design. In addition, the questionnaire consisted of both open and closed 
ended questions in order to expand and enrich the quality and reliability of the 
information obtained.  
 
 The questionnaire was divided into 7 sections and included: general information; health 
and safety analysis; health and safety information usage; sources of health and safety 
information; health and safety information storage; integration of health and safety 
information among duty holders; current analytical processes; and need for analytical 
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tools. The survey initially enquired about the general information about the respondents. 
The information sought included the occupation and position of the respondents in their 
respective organisations. This was sought to ascertain the general responsibilities of the 
respondents, and also gauged the respondent’s perception of the issues under study. 
Respondents were also asked to describe the kind of health and safety information they 
use and included questions such as: “how they utilise historical health and safety 
information and other information”; “where they store this information; purpose of 
health and safety information”; “source of health and safety information and form of 
health and safety sourced”; “storage of health and safety information. In addition, 
respondents were also asked about the sort of analysis as regards health and safety they 
undertake in their day-to-day operations”; “how they shared health and safety 
information with other stakeholders and what for purpose”; “the perception of 
stakeholders of novel analysis; perception of novel proposed tool by stakeholders”. The 
review of work in this field enabled the identification of the salient issues to enhance 
current techniques. In achieving this, the survey provided a means of understanding the 
practitioner’s perception of use of health and safety information and their expectations for 
new developments (Aouad and Sun, 1999). 
 
3.3.2 Ethical Considerations 
 
As mentioned in the previous section, a cover letter that explained the nature and purpose 
of the questionnaire was compiled and organisations were contacted and invited to 
participate in the study. Information was provided about the purpose of the survey and 
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potential benefits of the study to the construction industry. The consent of respondents 
was obtained in the introductory letter accompanying the link to the online questionnaire. 
The issue of confidentiality was addressed in the accompanying introductory letter to 
participants. Participants were informed about who would have access to the material 
from the survey and how the research findings would be disseminated. Confidentiality 
was addressed by ensuring the anonymity of individual participants.  
 
3.3.3 Web Based On-Line Survey Development  
 
The next stage of the survey involved the setting up of a Web-based survey to which the 
215 respondents were invited to respond. Since the CDM duty holders (from the CECA 
list and the Internet) are disseminated all around the UK and because of the high cost of 
travel to interview all of them, it was decided to use questionnaires through inviting 
experts to participate online. In addition, the online survey was meant to encourage the 
potential respondents to show interest and act promptly in the midst of the workload they 
were dealing with. The survey respondents could either answer anonymously or provide 
their contacts for further elaboration. Thus the online survey instrument (Free Online 
Surveys) was conducted among construction stakeholders via URL link:  
http://FreeOnlineSurveys.com/rendersurvey.asp?sid=rpa8ptkx6wvi42i227809 
 
3.3.4 Pilot Study 
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To test the suitability and comprehensibility of the questionnaire, a pilot survey was 
undertaken. Three UK construction companies in the West Midlands, UK (Edmund 
Nuttall Civil Engineering Contractors Limited, Interserve Projects Services Limited and 
Mansall Construction Limited) were approached and contacted (via telephone and email) 
and informed of the aims of the research. On obtaining their cooperation, draft 
questionnaires were forwarded for comments, feedback and completion. They were asked 
to critically review the design and structure of the survey. The questionnaire was 
modified based on feedback from participants; questions were added and removed 
depending on which were deemed appropriate and applicable as recommended by the 
pilot survey participants. The modified final version of the questionnaire formed the basis 
for the survey conducted and reported in this study.  
 
3.3.5 Questionnaire Distribution of the Survey 
 
The distribution of questionnaires commenced in the UK in the earlier part of March 
2006.  Subsequently, the online survey instruments were sent by email. 215 emails 
containing the link to the anonymous survey and the introductory letter were sent out 
during the months of March and April 2006. Given the simplicity of the questionnaire 
and the mode of distribution and answering, most of the questionnaires were completed 
fairly quickly of distributing them. The questionnaire took between fifteen to twenty 
minutes to complete. Answers to questionnaires were returned by means of the online 
link. Several efforts to help improve the response rate were made, especially when the 
three-month period projected had expired; survey instruments not retrieved by end July 
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2006 were declared non-responsive. Thus, within a three-month period, all survey 
instruments retrieved were put together. The response rates for the survey are presented 
in Table 3.2. 
 
Table 3.2: Survey Response Rate 
 
Firm Category Survey Instruments 
Sent 
Survey Instruments 
Returned 
Percentage of 
returns 
Contractors 200 75 37.5% 
Professional 
Quantity Surveyors 
5 4 80% 
Architectural 5 2 40% 
Consulting 
Engineering 
5 3 60% 
Total Number of 
Respondents 
215 84 39% 
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Figure 3.2: Survey Response Rate 
Out of the 215 survey instruments (questionnaires) that were successfully distributed, a 
total of 84 survey instruments were returned and used in the analysis, representing a 39% 
average response rate. The response rate achieved was good enough to draw reasonable 
conclusions (Ritchie and Lewis, 2003).  
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3.4 FINDINGS FROM THE SURVEY 
 
Struwig and Stead (2001), state that data analysis enables the researcher to organise and 
bring meaning to a large amount of data. In this survey, the received responses were 
analysed by content analytical procedures. Content analysis is typically used in text such 
as reports, letters, advertisement open-ended questions on surveys and similar content 
(Hair et al, 2003). Therefore, through systematic analysis the information content in 
responses received were examined. The respondent’s views were analysed in relation to 
the purpose of the survey and classified in themes based on the structure of the 
questionnaire. In this section, an analysis and discussion of the survey findings is 
presented.  
 
3.4.1 General Information 
 
The survey initially enquired about the general information about the respondents. The 
information sought included the type of occupation and position of the respondents in 
their respective organisations. This was sought to ascertain the general responsibilities of 
the respondents, and also gauged the respondent’s perception of issues under study. All 
the respondents had considerable ability and experience in their respective fields and 
therefore provided the insight to assess various aspects of health and safety management 
under consideration in the survey. 
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3.4.2 Health and Safety Analysis 
 
Information was obtained from the respondents to determine the sort of health and safety 
analysis undertaken during their work. This information determined the extent, if any, to 
which health and safety analysis was conducted in the construction industry. It emerged 
that the respondents perform a wide range of health and safety analysis. The most 
common health and safety analysis performed by all the respondents was the initial site 
assessment analysis. This analysis enables and enhances the production of method 
statements and work plans as various factors are considered (including health and safety 
issues). Furthermore, the respondents also conduct risk assessment (analysis) for daily 
operative briefing and generating information that go in the production of the health and 
safety plans. The respondents also conduct health and safety analysis for reactive 
accident investigation and for general health and safety surveillance in their 
organisations. Others collect accident statistics from which they try to understand 
accident trends, health survey trends and root cause analysis (following accident, 
incidents and learning events and behavioural issues). 
 
3.4.3 Health and Safety Information Usage 
 
The next section of the survey enquired about whether the respondents used any form of 
health and safety data. The results obtained indicated that indeed respondents utilised 
health and safety data and included accident statistics, accident causation factor 
information, and health and safety regulations. The survey also enquired about the 
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purpose for the health and safety information that the respondents had at their disposal. 
The responses demonstrated that health and safety information (e.g., construction 
accident data, CDM regulations, Approved Code of Practice) is used throughout the 
construction process in areas that included construction estimating, health and safety 
planning; health and safety monitoring; accident analysis; health and safety training; and 
for assessing company performance against key performance indicators (KPIs). Health 
and safety information is also used for objective and target setting, training and 
campaigns.  
 
3.4.4 Sources of Health and Safety Information 
 
The next stage of the survey sought to understand the sources of health and safety 
information that respondents used in various analytical procedures. It emerged that 
respondents obtained information from various sources and these included, the HSE, 
internet, published works, health and safety specialist firms, internal Safety Health and 
Environment (SHE) departments or indeed from within the organisations. In addition, the 
results indicated that information was sourced in various forms and include: digital maps; 
statistical data reports, bulletins, presentations, publications, seminars, networking. This 
insight highlighted the fact that health and safety information is sourced from various 
sources and in varying forms. However, this information sourcing is not coordinated 
between the various sources or effectively integrated in the construction process 
planning. 
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3.4.5 Health and Safety Information Storage 
 
Respondents were asked about how they stored their health and safety information. It 
emerged that a mixture of various ways of storing information are used and include: 
filing away hard copies in to archives; stored on computers and CDs. However retrieval 
of this information can be quite problematic as this would require one to go through the 
archives or indeed various files on the computer where the information is stores. This 
process is not efficient, but very time consuming. There is also a higher possibility of the 
information being lost. 
 
3.4.6 Integrated Health and Safety Information Use 
 
The responses demonstrated that respondents do indeed share health and safety 
information among themselves. For example, they shared information with clients, 
competitors, others with similar businesses, some consultants, and trade organisations. 
Various reasons were given for sharing the health and safety information and reasons 
include: “Tender- pre-qualifications; costing, health and safety planning; accident 
analysis; training –‘best practice – what affects one affects all”; “access to tenders; 
understanding of industry sector performance; enabling client check on contractor health 
and safety performance and record; benchmarking; performance sharing of good 
practice and lessons learnt.” 
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3.4.7 Current Analytical Processes 
 
Respondents were also asked whether current health and safety information analysis for 
the prevention of accidents and planning in the construction industry was effective. Some 
respondents suggested that current procedures are effective while others thought 
otherwise. Those that thought the current procedures were not effective or effective gave 
various reasons for their answers and the reasons. One of the reasons advanced for the 
observation that the current procedures were effective was as a result of the downward 
trend in accident occurrence in the construction industry in recent years (see also chapter 
one) There is reasonable evidence to suggest an indirect link between  the reduction in 
accidents to current prevention procedures . This was also suggested by some 
respondents who mentioned that effective monitoring by the Health and Safety Executive 
was effective too. On the other hand, the respondents that suggested that the current 
health and safety procedures are not effective cited the fragmentation and the 
uncoordinated process of health and safety usage in the construction industry made 
information analysis difficult and ineffective.   
 
Furthermore, respondents were asked whether the ability to analyse health and safety 
information such as identifying patterns in accident occurrence would enhance their 
work. An overwhelming 86% suggested that the ability to identify spatial patterns in 
analysis of accident occurrences would enhance their work. They suggested several areas 
where such analysis would enhance their work through statements such as : “Spatial 
trends analysis would enable actions to be determined; to identify trends and put in place 
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measures to prevent future occurrence and to improve systems; training and skills gaps; 
learning reviews; tender pre-qualifications; identify weak points and so can action; 
enabling respondents make all necessary allowances and this not only enhances company 
performance and profitability but also improves customer perception; enabling an 
understanding of respondents high-risk activities and putting  in additional controls, 
training to reduce the problem; injury/damage claim reduction and less risk from 
prosecution; accidents cost money, time and reputation as well as affecting the moral of 
the workforce, therefore, analysis of safety data can help plan to prevent accidents/ 
incidents and hence raise the safety profile of a contract and finally, helping to provide 
focus to key issues that need to be resolved” 
 
However, some respondents felt that the analysis of health and safety information that 
identified spatial accident pattern occurrence would not make any difference and 
suggested that such spatially oriented analyses would only be meaningful if it was 
conducted at a macro (national) level. 
 
3.4.8 Need for Analytical Tools 
 
In the final section of the survey, respondent’s opinions regarding the provision of a tool 
that provides relational links between different streams of health and safety data in the 
enhancement of health and safety analysis in the construction industry were sought. Some 
respondents suggested that indeed, it would enhance analysis while others thought that it 
would not make any difference. Reasons for these comments included the fact that there 
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was need for collective analysis of various factors to arrive at an optimal health and 
safety solution. Other respondents felt that there were enough tools on the market and 
thus no need to develop any more but develop existing ones. Furthermore, asked whether 
a tool enabling the visualisation of geo-referenced accident factors and their occurrence 
in accident analysis would enhance health and safety planning in the construction 
industry. Again an overwhelming number of respondents were in the affirmative (64%). 
Finally, respondents were asked if the utilisation of such a health and safety tool would 
reduce time and cost of the project in which such a tool is used. The respondent agreed 
that such a tool may reduce time spent gathering different information for the purpose of 
formulating health and safety strategies and in the process reduce costs. 
 
3.4.9 General Feedback 
 
From this survey, it is clear that the opinions of respondents offer valuable insight to 
health and safety information utilisation in the construction industry. Essentially, the 
survey served to reveal information usage in terms of health and safety information data 
capture, storage, analysis mechanism and existing health and safety management systems 
utilised within the UK construction industry. These findings therefore, formed significant 
inputs to the limitations and requirements of current construction health and safety 
procedures. The responses from the survey also illustrated the enthusiasm expressed by 
practitioners and provided and demonstrated evidence of the need (and thus potential 
impact) for the work in the industry. 
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3.5 LIMITATIONS IN CURRENT CONSTRUCTION HEALTH AND 
SAFETY PROCEDURES 
 
The review of the integration of health and safety in the construction process and the pilot 
survey identified various limitations in current construction health and safety procedures 
(Figure 3.3) and these are discussed in this section. 
 
3.5.1 Uncoordinated Data Collection, Processing and Fragmented Use of Health and 
Safety Information  
 
There is a lack of coordinated approach in the collection of health and safety data 
between CDM duty holders and the Health and Safety Executive. CDM duty holders 
usually collect health and safety data from their own previous projects and this usually 
varies from one CDM duty holder to the other (Survey). The analysed resultant output 
from such data usually does not represent the complete picture of the health or safety 
situation in the construction industry as the raw data is insufficient and lacking. 
Furthermore, data normally collected by the Health and Safety Executive is usually in 
aggregate form and is not presented in a form that would be of meaningful use to CDM 
duty holders for integration and planning out of health and safety issues in the 
construction process. 
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3.5.2 Inadequate Utilisation of Available Construction Health and Safety Data to 
Perform Analysis for Adequate Identification of Contributing Factors in Accident 
and Ill Health Occurrence  
 
The survey in this study showed that in current practice, many construction practitioners 
determine health and safety plans based on previous works within their firms. Very often, 
they rely on the same information that is used at other projects. Analyses will typically be 
derived from such information, which comes from various mini data files in which the 
data is stored and compiled results in tabular form are produced, upon which the 
conclusions of the final health and safety report are based. These analyses would 
normally be insufficient to effectively represent all factors that may be apparent in a 
particular area subjected to the said analysis, as it may not be representative of the 
conditions on the proceeding site.  
 
Furthermore, various stages of the construction process entail different input from 
different organisations. As such, as each organisation inputs information in the 
construction process, each of these organisations creates or have their own mini health 
and safety database and thus perform their own analysis. This set up inhibits the 
understanding of accident causation factors on construction sites, as a vast source of 
accident data as well as related data is not considered in the analysis. 
 
In addition, the construction industry is experiencing explosive growths in its capability 
to both generate and collect data. Advances in scientific data collection and 
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computerisation have generated a flood of data. As the construction industry is adapting 
to new computer technologies in terms of hardware and software, computerised 
construction data is becoming more and more available. Soibelman and Kim (2002), 
emphasise this by noting that the explosive growth of many business, government, and 
scientific databases has begun to far outpace our ability to interpret and digest the data. 
 
It is clear from this survey that in most cases, the generated health and safety data in the 
UK construction industry may not be used, or even properly stored as the majority of it 
ends up being poorly utilised. Several reasons exist, which may be due to the fact that:  
 
a) various stakeholders such as designers or construction managers do not have 
sufficient time to analyse the computerised data;  
b) there may be no well defined automated mechanism to extract, pre-process, 
and analyse the data and summarise the results so that the decision-makers are 
able to use it.  
 
3.5.2 Inadequate Analysis 
 
In the current analytical procedures, the user is limited to textual queries only. 
Kibblewhite and Fidderman (1998) state that safety applications broadly deal with single 
aspects of safety management, such as recording and reporting, or are component 
modular-based safety management systems that attempt to address every aspect of an 
organisation’s safety management system, from policy through risk assessment to 
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auditing. These tools also suffer a lack of multi-sensory capabilities, as the output of the 
analysis is often based on textual information (Kibblewhite and Fidderman, 1998).  
Furthermore, construction accidents sometimes tend to occur less often at a given 
location and tend to be more spread throughout other areas or zones. Although designers, 
planners, engineers, and the public may suspect a high risk of a construction accident 
along an area in the future, current analysis techniques on accident reports do not always 
highlight the location of an accident occurrence as a problem.  
 
It is also clear that problems exist in safety planning when identifying hazardous 
situations at the various stages of the construction process. This is because a lot of 
information that would lead to the identification of hazardous situations is either too vast 
to be analysed at the same time or be available for consideration in time for inclusion at a 
particular stage of the construction process. Secondly, this information is not readily 
available for analysis or the vastness of the information sources inhibits vital health and 
safety information to be assimilated in the construction process.  
 
3.5.3 Lack of Tools to Adequately Perform Analysis for Efficient Use of Vast 
Available Data  
 
There is a lack of bespoke tools to analyse health and safety information effectively for 
integration in the construction process. 
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Figure 3.3: Current limitations in Utilisation of Construction Health and Safety Information 
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From the literature review conducted, it is evident that the current accident causation 
methods and systems yield highly informative material particularly as it underpins the 
identification of underlying root causes of construction accidents. However, this 
informative material is hardly utilised in the analysis of construction health and safety as 
there is lack of tools that would enhance the effective providence of properly analysed 
ready information for application in the construction process. The tools currently 
available lack the ability to utilise construction information relating to health and safety, 
which can enable the identification of risks at the early stages of project planning 
(Chapter 2). According to Tim (1995), lack of an integrated framework to manage, 
manipulate, analyse, and present the large volumes of data generated by the various 
sources and systems has resulted in the majority of the data being poorly utilised. 
Furthermore, CDM regulations requirements (Chapter 2) do not specify factors to be 
taken into consideration when fulfilling them. What they set out is the fact that due 
consideration must be made for health and safety when fulfilling the CDM regulations 
requirements. However, currently, there are inadequate procedures or tools for identifying 
contributing factors in accident and ill health occurrence. 
 
3.6 CONSTRUCTION HEALTH AND SAFETY REQUIREMENTS 
 
Allocation of health and safety resources demands that safety planning is coordinated and 
integrated with the rest of construction project planning process (Cameron 2004).  
However, in order to achieve effective coordination and integration of health and safety 
planning into the construction process, there is need for thoroughly analysed information 
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from various sources that identifies accident and ill health causation factors and ensures 
that the information is available for inclusion at various stages of the process. 
Identification of risk factors is therefore key to the integration of health and safety in the 
construction process. The HSE (2004) notes that the underpinning philosophy in health 
and safety is the identification of as wide a range of intelligence sources of information as 
possible and being able to organise this information in a way that can be used to provide 
both insight and understanding of specific issues, to inform on future improvement and 
risk strategy.  
 
Uy and O’Rourke (2000) also stress that construction health and safety management in 
the 21st century will be shaped and guided by effective graphical representation of 
complex systems, accurate network simulation, risk assessment, and graphical fusion of 
physical and social databases. The diversity of the data required for designing and 
maintaining health & safety management calls for a sophisticated way of accessing, 
storing, manipulating, analysing and combining the various elements as this aids one see 
the big picture, make the best decisions, and capitalise on the construction industry’s vast 
data and resources and provide the necessary tools to deal with the complexities of health 
& safety management. Therefore, the solution to this ever-increasing problem lies in the 
effective use of Information Technology at various gateways referred to in Chapter 2 
(HSE, 2002). From the review in this chapter, it is clear that the CDM duty holders and 
the HSE do not have a robust framework for collection and analysis of vast amounts of 
interrelated data in the construction environment. Furthermore, existing construction 
environment information analytical and utilisation approaches mainly focus construction 
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health and safety information for their analysis. They do not shed light on the socio-
economic and spatially influenced issues within which the industry’s accident 
contributory factors are rooted.  
 
As a result, CDM duty holders are unable to realise the full extent of health and safety 
issues that ought to be considered when formulating vital health and safety planning 
mitigation documents such as risk registers, health and safety plans, and health and safety 
files (Whittington et al., 1992). The failure to utilise information from varied sources in 
the construction industry, means that adequate analysed information is not present for 
integration in construction health and safety planning strategy formulation process. 
Overall, there has been a lack of appropriate support tools to assist designers and 
decision-makers in assessing the risks of accidents and formulating effective preventive 
measures. The challenges in health and safety planning demand understanding of the 
fundamental factors of accident causation and innovative tools techniques for 
management and analysis of data.  
 
The primary objective therefore is the need to utilise all historical health and safety 
information in the construction environment. This can be achieved by improving 
knowledge of accident or ill health causation through providing a high storage intuitive 
and comprehensible media for analysing and visualising of historical health and safety to 
be utilised and aid CDM duty holders and the HSE in supplying analysed construction 
health and safety information, thereby creating a well-formed decision-making platform 
in safety planning of the construction process. This media should also provide a 
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coordinated methodology for drawing together a wide variety of data sources under a 
single, visually oriented umbrella, allowing for better understanding of the data and make 
them available to a diverse user audience. Furthermore, there is also a need for more 
appropriate decision-support mechanisms that can take account of spatial contributory 
factors to accident occurrence. Such mechanisms can enhance the management, analysis 
and utilisation construction environment information from varied sources for integration 
in the construction process.  
 
3.7 THE PROPOSED ANALYTICAL APPROACH  
 
The need and requirements for a health and safety information analysis was recognised at 
various gateway stages of the construction of the construction process. The number of 
respondent (86%) (see section 3.4.7) suggested that the ability to analyse health and 
safety information spatially would enhance their work. Furthermore, 24% of the 
respondents who suggested that the analysis of health and safety information that 
identified spatial accident pattern occurrence would not provide meaningful results 
recognised the fact such spatially oriented analysis would be a benefit if applied at a 
macro level. It was therefore proposed that utilisation of thorough analysed spatially 
referenced construction related information would yield a deeper understanding of causes 
of accidents thereby aiding in the revelation of the root causes of accidents. It was also 
envisaged by the researcher that this could be realised through the utilisation of a decision 
support system (DSS). A DSS comprises a class of information system that draws on 
transacting processing systems and interacts with the other parts of the overall 
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information system to support the decision-making activities professions in an 
organisation. DSS’s are dedicated to improving the performance of professions in 
organisations through the application of information technology (Yang, 2003). The 
purpose of a DSS is thus, to provide a set of tools to help in the interpretation of data. The 
DSS should grant decision makers an appreciation of the risks implicit in particular 
decisions, and the factors, which can be varied or queried to modify those risks. 
 
As pointed out in the previous chapter, it was recognised that successful control of an 
accident is contingent on the rapid identification and elimination of all risk or hazard 
sources. This involves an understanding of the dynamics of the accidents, combined with 
adequate procedures that identify, records and deal with all events that may contribute to 
further occurrence of accidents. It was also recognised that all construction related 
information is geographically linked in one way or the other.  
 
Thus, the need for a decision support tool that had the capabilities that could fulfil the 
requirements identified in this study such as presentation of analysed information in 
formats that are easy to comprehend and the need to understand the dynamics of the 
accidents in a spatial context, led to the evaluation and subsequent adoption of a 
geographic information system (GIS) in the decision support system. A GIS is a set of 
computer tools designed to efficiently capture, store, update, manipulate, analyse and 
display all forms of geographically referenced information (e.g., ESRI 1992). It was 
recognised that the power of the GIS to integrate information within a spatial context is 
potentially useful in assisting in the search for causative links between events (Jones, 
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1997). The GIS approach was thus initiated as a core component of the decision support 
system to develop a comprehensive analytical information system that embodied all of 
these requirements set in the study. A GIS typically links data from different sets, using 
geo-referencing, i.e., spatial coordinates, as a common key between different databases. 
In the analysis of information a GIS would utilise multipurpose tools that are integrated 
into a system that can be capable of performing database management techniques diverse 
analysis, and comprehensive graphic representation (visualisation) of results.  
 
It was envisaged that accident occurrence would be best understood when it is considered 
in its spatial context. This is because accidents tend to occur in spatial and temporal 
settings, which may probably reflect the distribution patterns of the various risk factors 
and the interaction between the occurrence factors and the underlying geography. The 
GIS provides the spatial dimension to the site (location) based -related data. At-risk 
locations can be rapidly portrayed.  Thus, the power of a GIS stems from its ability to 
combine many data sets and display them in a common framework as thematic maps and 
these capabilities are widely recognised and therefore discussed in next chapter.  
 
3.8 CHAPTER SUMMARY 
 
This chapter has described in detail the research strategy used in the survey. A thorough 
account of the research instruments, their design impacts and distribution has been 
provided. The survey characteristics including the sampling frame, the sample size and 
techniques for eliciting the relevant data have also been explained. Details of the 
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sampling procedure, data collection, research procedure and analysis of the data were 
presented. The choice of a qualitative approach was pragmatic and was based on the 
exploratory nature of the study. This chapter presented an overview of the key qualitative 
findings drawn from the qualitative data in terms of the central questions being addressed 
in this study i.e., the utilisation of health and safety information in the UK construction 
industry. Thus, the respondents to the survey established practitioner/industry 
requirements for improving health and safety management.  
 
This chapter also presented the limitations and requirements of the current UK 
construction planning health and safety techniques.  To address the identified limitations 
in the current utilisation of construction health and safety information and the 
requirements needed to promote an efficient and effective construction health and safety 
planning process, this research study to puts forward an approach attempt that utilises 
varied datasets that include historical health and safety information in the construction 
industry (chapters 4, 5, 6 and 7). 
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CHAPTER 4: A REVIEW OF GIS CAPABILITIES AND 
UTILISATION IN THE CONSTRUCTION INDUSTRY 
 
4.0 INTRODUCTION 
 
In Chapter 3, it was envisaged that using technological developments in Geographic 
Information Systems (GIS), historical construction environment data could largely be 
used to predict futuristic accident trends thereby widening accident prevention efforts and 
offer spatial decision-support tools for health and safety management in the construction 
process. Accidents occur at a location with various contributing factors peculiar to that 
location. Thus, hidden in most of the construction accident data is a spatial component 
that can be tied to a place such as an address, postal code, coordinate referenced location, 
region. To gain better advantage of the spatial and temporal component in decision 
making, the appropriate tools must therefore be used. This chapter reviews relevant 
literature as part of this study. The focus of the review is to identify techniques that would 
help develop a methodology for the proposed analytical system. In light of the foregoing, 
this chapter evaluates the capabilities and utilisation of GIS.  
 
Sections 4.1 and 4.2 present an overview of GIS technology functionalities and functional 
components. Section 4.3 identifies and synthesises appropriate research work to 
demonstrate and illustrate the GIS capabilities through its utilisation in the construction in 
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industry. Section 4.4 postulates the potential capabilities of analysis, integration 
visualisation, and display of spatial and non-spatial data in GIS.  
 
4.1 GIS FUNCTIONALITY  
 
The key to all definitions of a GIS is the “what” and “where” (Kentucky Office, 2000). It 
therefore follows that GIS and spatial analyses in particular, are concerned with the 
absolute and relative location of features, as well as the properties and attributes of those 
features. Common to all GIS is a realisation that spatial data is unique because its records 
can be linked to a geographic map. The component parts of a GIS include a database and 
spatial or map information and some mechanism to link them together. GIS has its origins 
in automated mapping systems (Maidment and Djokic 1990). Holdstock (1998) defined a 
geographic information system (GIS) as an organised collection of computer hardware 
and software, geographic data and personnel designed to efficiently capture, store, 
update, manipulate, analyse and display all forms of geographical referenced information. 
A GIS was also defined as a spatial database with a set of spatial operators (Morehouse, 
1991). In the basic form of GIS, the system integrates spatial modelling, database 
management, spatial analysis and computer graphics into a software environment for 
managing geographic features (Sumic et al, 1991). Parsons (1998) highlighted that GIS 
enabled the user to store, retrieve, sort and displayed information according to its spatial 
characteristics (i.e. topology). It is therefore apparent that a GIS is a tool for making and 
analysing using spatial information (Burrough, 1986; Longley et al, 1991; Antenucci et 
al, 1991; ESRI, 1997). 
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Tim (1995) stresses that within the definition, GIS encompasses a fundamental and 
universally applicable set of value-added tools for capturing, transforming, managing, 
analysing, and presenting information that is geographically referenced. Tim (1995), 
notes that by combining the capabilities of a relational database management system with 
its spatial referencing capabilities, a GIS is capable of storing, processing, and efficiently 
presenting large volumes of data. GIS incorporates both database and mapping 
technology, and adds a spatial element to data generation and analysis. Miller (1999), 
states that although a GIS often serves as both a database and a source of maps, these 
aspects alone do not fully explain its capabilities when used by persons who are trying to 
quickly understand large amounts of data. Goh (1993) further states that the fundamental 
difference of a GIS from any other information systems is that it has the knowledge of 
how events and features are geographically located, i.e., there is a geographical 
relationship between the various types of data that may be incorporated into a database.  
 
This capability of GIS to relate various types of data in a meaningful way becomes 
important as one moves beyond using a GIS to simply create a pin map of locations. 
Keith et al (1996), also note that GIS applications demonstrate the analytical power and 
potential that stems from the system’s spatial analytical capabilities which allow users to 
examine and display data in new and highly effective ways. GIS definitions usually focus 
on what tasks a GIS can do rather than what it is and GIS functional capabilities follow 
the standard GIS definitions (Keith et al, 1996). From the definitions it is clear that GIS 
brings together elements necessary for problem solving and analysis.  
 
Chapter Four: A Review of GIS Capabilities and Utilisation in the Construction Industry 
93 
 
An overview of the capabilities that can be expected of commercial GIS packages is thus 
presented in this chapter. Jones (1997) stresses that most commercial packages provide a 
range of functionality, which are categorised into five areas and include: data acquisition; 
preliminary data processing; data storage and retrieval; spatial search and analysis and 
graphical display and interaction (Figure 4.1). In this overview typical procedures 
involved in creating and using GIS are illustrated. Most GIS technology build 
information systems by combining their own data with other data obtained from other 
organisations (Jones, 1997).  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1: Procedures in GIS usage representing the main categories of GIS-related 
activities 
Source: Adapted from Jones (1997) 
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4.2 FUNCTIONAL COMPONENTS OF A GIS  
 
If a GIS is to make a significant contribution in the management and analysis of any field 
data, there must be a clear match between its functional components and user demands 
(Tim, 1995). Eastman et al (1993) state that a GIS installation is made up of several 
different components. Figure 4.2 gives a broad overview of the software components 
typically found in such a set-up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: Software Components of a GIS 
Source: Eastman et al (1993) 
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and geographic analysis (Eastman et al., 1993). Table 4.1 summarises the various 
functions of the components of a GIS. 
 
Table 4.1: GIS Components and Functions 
Source: Eastman et al (1993) 
 
Component Function 
Spatial and Attribute 
Databases 
A collection of maps and associated information in digital form.  As a result of the 
database being concerned with earth surface features, it comprises two elements, a 
spatial database describing the geography (shape and position) of earth surface features 
or database system that offers spatial data types in its data model and query language 
and supports spatial data types in its implementation, providing at least spatial indexing 
and spatial join methods (Gutting, 1994). Spatial database systems offer the underlying 
database technology for geographic information systems and other applications; and an 
attribute database describing the characteristics or qualities of these features.  
Database 
Management System 
(DBMS) 
This component refers to a type of software that is used to input, manage, and analyse 
attribute data needed to recognise that spatial database management. Thus, a GIS 
typically incorporates not only a traditional DBMS but also a variety of utilities to manage 
the spatial and attribute components of the geographic data stored. With a DBMS, it is 
possible to enter attribute data, such as tabular information and statistics, and 
subsequently extract specialised tabulations and statistical summaries to provide new 
tabular reports. A DBMS most importantly, provides the ability to analyse attribute data. 
Cartographic 
Display System 
Surrounding the central database, are a series of software components. The most basic 
of these is the cartographic display system which allows one to take selected elements of 
the database and produce map outputs on the screen or some hardcopy device such as a 
printer or plotter. 
Map Digitising 
System 
The next most essential element is a map digitising system, which is used to convert 
existing paper maps into digital form. Map digitisation can be accomplished through 
scanning devices. This procedure requires considerable preparation of the map data and 
specialised software along with dedicated hardware. This element of GIS is often the most 
time consuming and costly phase of the GIS process. 
Geographic Analysis 
System 
This system has the ability to compare different entities based on their common 
geographic occurrence through a process called overlay. It is identical in character to 
overlaying transparent maps of the two entity groups on top of one another. The 
geographic analysis system as shown in Figure 4.2, may have a two-way interaction with 
the database, that is, the process is distinctly analytical in character. Thus, while it may 
access data from the database, it may equally contribute the results of that analysis as a 
new addition to the database. 
Image Processing 
System 
In addition to the essential elements of a GIS some software systems also include the 
ability to analyse remotely sensed images and provide specialised statistical analyses. 
Remote sensing is defined as the science and art of obtaining information about a 
phenomenon without being in contact with it. Remote sensing usually refers to the 
technology of acquiring information about the earth’s surface and atmosphere using aerial 
photography or satellite imagery.  
Statistical Analysis 
System 
For statistical analysis, most GIS offer both traditional statistical procedures as well as 
some specialised routines for the analysis of spatial data. Geographers and others have 
developed a series of specialised routines for the statistical description of spatial data, 
partly because of the special character of spatial data, but also because spatial data pose 
special problems for inferences drawn from statistical procedures. 
Statistical Programs While a GIS contains a basic set of statistical tools, more detailed analyses require 
statistical programs such as Statistical Analysis System (SAS), Statistical Products and 
Service Solutions (SPSS), Minitab, or MATLAB. Programming languages within GIS can 
also be used for statistical analyses. GIS can also be integrated with statistical programs 
such as the SAS/GIS, which contains GIS capabilities within the SAS. 
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4.3 THE UTILISATION OF GIS IN THE CONSTRUCTION 
INDUSTRY 
 
GIS techniques have been widely used in various sectors including the construction 
industry for various purposes. GIS techniques have addressed various issues and have 
increasingly been employed in spatial decision support systems by a wide range of users. 
According to McMahon (1997), planners were among the first construction professionals 
to realise the benefits of seamless site-centred digital mapping provided by GIS with their 
coloured overlays, which allowed for easy display of planning applications, enforcement 
actions, tree preservations, listed buildings, etc,.  
 
Uy and O'Rourke (2000) reported that GIS use in civil infrastructure has expanded 
rapidly in recent years fuelled mainly by advances in computing and data collection 
technology. Advances in computing and systems monitoring and data acquisition have 
resulted in the proliferation of  GIS based data sets pertaining to the physical, social, and 
economic characteristics of urban communities. The commercialisation of GIS 
technology into user-friendly software packages has promoted the development of 
effective decision-making tools that can draw upon the wealth of available and expanding 
GIS-based data sets (Uy and O'Rourke, 2000). Furthermore, as a result of the rapid 
advancement in GIS uptake in other industries, the International Council for Research 
and Innovation in Building and Construction (CIB) was prompted to set up a number of 
Task Groups (TG) to exploring the use of GIS in construction (CIB 2006, Anumba, 
2004). In addition, various research studies have been undertaken in the construction 
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industry to utilise the potential capabilities of GIS. The use and research development of 
GIS adapted tools can be found in various phases of the construction process and 
activities in the construction industry. The process where a GIS function can be isolated 
and embedded in almost any other programme as a control code has been utilised in the 
construction industry for analysing complex spatial relationships and problem solving. 
 
4.3.1 Labour Market Planning 
 
Anumba et al (2004) explored the potential of GIS as a mechanism for enhancing the 
labour market planning process. This was against the background that the UK 
construction industry faces an unprecedented skills demand which has been fuelled by 
sustained sectoral growth and a concurrent downturn in the number of young people 
entering the industry. The research detailed how a GIS-based approach they coined the 
STEP  process could aid construction labour market planning through its ability to 
integrate disparate labour market information efficiently, thereby placing analysts in a 
better position to understand specific spatial patterns. This was done through a 
combination of a range of datasets in order to reveal regional nuances in labour demand 
and supply which could have been difficult to discern without the use of such a tool. The 
GIS-based STEP process was designed to allow CITB-Construction Skills to match an 
appropriate employer with an appropriate candidate. The candidate was then placed with 
the employer for a six-week trial and they were able to monitor the progress of the 
candidate. At the end of the six weeks the trial was only recognised as an outcome if the 
candidate secured the job with the employer.  
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Table 4.2 summarises how the introduction of the GIS was intended to improve the STEP 
process. 
 
Table 4.2: GIS-enabled Improvements to the STEP Process 
Source: Anumba (2004) 
 
 
The GIS platform used was the Map Info Professional 7.0 operating on a Pentium-based 
PC in a Windows NT environment. The primary map layers of the system included a UK 
postal code overlaid by UK counties. Both sets of data were obtained from the Ordinance 
Survey and converted into the MapInfo format. Both map layers (postcodes and counties) 
have an attribute data file with information on each postcode area and county linked to 
them. Five databases were created and included: 
 
 An eligible employer database 
 An eligible candidate database 
 A database of candidates currently on the STEP trial and their progress 
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 A database of candidates who have finished the trial period and the outcome of 
the trial. 
 A database of universities and colleges as CITB Construction Skills works closely 
with them to enable the right candidates to be attracted to the STEP initiative. 
 
The system architecture for the GIS-Based STEP application (Figure 4.3) is organised in 
five databases, each with input and output facilities. The information in the databases can 
be manipulated and analysed via the user interface with Microsoft commands and tools. 
The output of the application can be in the form of a map, graphs, reports, and integrated 
datasets due to overlay information (Anumba, 2006).  
 
 
 Figure 4.3: System Architecture of STEP GIS Database 
Source: Anumba (2006) 
 
The appropriate information was collected from the different departments and entered 
into the databases. The databases were then used to create map layers showing the 
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geographical locations of employers, candidates and colleges/universities by a point 
(these are shaped differently so they can be easily differentiated). The system is open and 
expandable, and allows for additions of fields and descriptors to each of the different 
databases if necessary. It also allows for updating of the information (Anumba, 2006). 
 
4.3.2 Cost Estimating 
 
Bansal and Pal (2006), explored the potential of geographic information systems (GIS) as 
an alternative cost estimation tool (Figure 4.4). Sample resource data for various possible 
tasks related to construction materials, workers, and equipment that were stored in three 
different tables in GIS environment and separate tables were used for each project to 
generate bill of quantities (BOQ), bill of materials (BOM), and labour requirement. 
Accurate bill of quantities could then be generated on the basis of dimensions of various 
data layers representing the complete architectural drawing. By using the data 
management feature of GIS, a prototype construction project information system (CPIS) 
was developed in ArcView GIS 3.2 (Environment Science and Research Institute, 1996) 
using a sample data set. Avenue (scripting language for ArcView 3.2) was used to write 
different scripts for this system. The Avenue Scripts were added to GIS to enable building 
cost estimation and easy access to information in the database, which finally helped in 
speeding up the decision making process. Few basic features of ArcView GIS such as 
JOIN and LINK were also used to develop the proposed model of construction project 
information system. Designing a Construction Project Information System (CPIS) in GIS 
environment involve in creating different tables to store the sample data. Storing, 
Chapter Four: A Review of GIS Capabilities and Utilisation in the Construction Industry 
101 
 
maintaining, and updating sample resources database are at the core of proposed 
prototype CPIS.  
 
Figure 4.4: GIS–based material cost estimate process 
Source: Bansal and Pal (2006) 
 
Separate tables are used to store the information about labour material, equipment 
requirements, safety, and quality control recommendations. Additional information can 
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be incorporated in all tables of the database to ensure expansion and update the system at 
later stages. This option is designed in a way that only selected users such as the owner or 
the system developer may use it. 
 
4.3.3 Site Layout Implementation 
 
Cheng and O’Connor, (1996), developed an automated site layout system for construction 
temporary facilities (TFs). The system, comprising ArcSite, including a geographical 
system integrated with database management system (DBMS) was the tool developed to 
assist designers in identifying suitable areas to locate TFs. ArcSite consisted of 
knowledge specific to the construction site layout. The system proposed a method to 
systematically acquire and interpret expert knowledge and experience in site planning. 
Using the concept of searching by elimination, the system developed a heuristic approach 
to model the process of human decision-making and generate the potential site for each 
TF. Through both qualitative and quantitative modelling of facility relationships, an 
objective function called proximity index was developed to determine the optimal site of 
each TF. ArcSite demonstrated that GIS was a promising tool for solving construction 
layout problems and, thus, opened up a new ways of thinking regarding the management 
of spatial information for construction planning and design.  
 
Yang et al (2003), investigated further elements of site planning which included the 
ability to accurately plan and visualise routes for materials movement on complex 
construction sites as a major determinate of project success (or conversely failure). 
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However, materials routing design complexity and the bespoke nature of individual 
projects places a unique burden upon project planners and site managers. Yang (2003) 
therefore developed a framework known as Virtual Construction Material Router 
(VCMR) (Figure 4.5) that could generate materials routing scenarios sequences based on: 
 
i) site layout; 
ii) delivery routes; 
iii) construction activity schedules; and  
iv) temporary accommodation location.  
 
The heart of the VCMR was a Geographic Information System (GIS), fuzzy logic based 
decision-support system, which enabled planners to determine the most appropriate route 
for material deployment. The features included the integration of site reasoning and 
factors such as site attributes, layouts and schedules with geometry and the visualisation 
of the most suitable route of materials movement in a 2D graphic format. The system 
also had the inherent ability to enable planners to select and visualise the most suitable 
material movement routes.  
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Figure 4.5: Structure of VCMR 
Source: Yang et al (2003) 
 
4.3.4 Thematic Mapping Applications 
 
Thematic mapping is the use of colours or styles to systematically represent different 
forms of data. The ability of a GIS to overlay thematic layers has been used to produce 
positive results in construction. King and Kiremidjian (1996) have developed a GIS-
based seismic risk estimation tool for assessing, mitigating and managing seismic risk to 
the built environment in order to reduce losses in future earthquakes. A number of 
different and disparate thematic layers were overlaid on a map and the graphical 
representation of the datasets analysed to provide answers to the complex relationships 
between the numerous thematic layers (Figure 4.6). 
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Figure 4.6: GIS Mapping Process for Regional Seismic Risk Analysis 
Source: King and Kiremidjian (1994) 
 
In a related study Etzion et al (2000) developed a GIS-based methodology for recording 
and analysing modifications in residential buildings using this capability of the 
technology. Data such as the number of rooms in a house, landscaping features and walls 
were overlaid to analyse and understand post–occupancy changes in residential buildings. 
Other construction applications based on the concept of thematic mapping include site 
suitability analysis, extracting dominant trends, and investigating different solution 
scenarios to complex spatial problems (Herzog, 2000).  
 
A GIS contains tools for determining distance, proximity, direction, adjacency and 
connective relationships between mapped features. These are called topological tools or 
buffers. They are useful in determining all the objects of one class within a specific 
distance of another type of object (Easa and Chan, 2000). This capability of the software 
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has been utilised to assess the archaeological potential of development sites (Needham 
and Macklin, 1992; Zerger et al., 2003). The GIS was used to reconstruct the prehistoric 
landscape and search for indirect indicators of ground conditions that accompany 
archaeological remains (Anumba, 2006).  
 
Li et al (1996) also developed a GIS-based system for tracking pavement compaction. 
The system maps the movement of a compaction machine and transforms the result into a 
geometrical representation. The GIS technology is integrated with a real-time positioning 
system to analyse this geometrical representation by tracking the coverage of the 
machine. In another application, Cheng and Chen (2000) have developed an automated 
schedule monitoring system for the erection of prefabricated structural components in 
precast building construction. A GIS was integrated with a database management system 
(DBMS) to form the expert system ArcSched. The GIS was useful in storing descriptive 
information as attributes of graphical features and its query function used in analysing the 
data. Rylatt et al., (2003) also developed a GIS-based prototype for general domestic 
energy modelling. The GIS was integrated with an expert system (BREDEM-8) to enable 
the prototype to estimate the baseline energy consumption for houses in a given 
geographical area. Expert systems being integrated with GIS take advantage of the GIS’s 
capacity for storing data in an organised way. The expert system provides a set of rules 
for the GIS to follow in order to analyse the data, much in the same way as an expert 
would dissect a complex problem (Easa and Chan, 2000). This resulted in a powerful 
system, which could be effective in many situations where the problem being tackled by 
the expert system has a spatial dimension. 
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Adams (2000) also reported that the use of GIS technology was useful for analysis of site 
investigation. The study developed a workbench for managing subsurface data and 
supporting site characterization activities. Luna and frost (1998) also used the UNIX-
based ArcInfo as a platform to evaluate liquefaction potential using the Liquefaction 
Potential Index. Tsai (1999) used Arch Info together with a knowledge-based system to 
evaluate site investigation quality. Simsite, an education package, developed by 
McBrayer et al (1998) was a windows based system used for evaluation of ground water 
contamination investigation. The use of GIS technology in decision support indicated a 
promising effort in handling spatial data and spatial nature of various problems (Djokic 
1991, Spring and Hummer 1995).  
 
In another study, Poku and Arditi, (2006) also suggested that traditional scheduling and 
progress control techniques such as bar charts and the critical path method (CPM) fail to 
provide information pertaining to the spatial aspects of a construction project. Thus they 
developed a system called PMS-GIS (Progress Monitoring System with Geographical 
Information Systems) to represent construction progress not only in terms of a CPM 
schedule but also in terms of a graphical representation of the construction that is 
synchronized with the work schedule. In PMS-GIS, the architectural design was executed 
using a computer-aided drafting (CAD) program (AutoCAD), the work schedule was 
generated using a project management software (P3) while the design and schedule 
information (including percent complete information) are plugged into a GIS package 
(ArcView GIS), and for every update, the system produced a CPM-generated bar chart 
alongside a 3D rendering of the project marked for progress. The GIS-based system 
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developed in this study highlighted how GIS helps to effectively communicate the 
schedule/progress information to the parties involved in the project, because they are able 
to see in detail the spatial aspects of the project alongside the schedule. 
 
4.3.5 Analytical Modelling, Simulation and Decision-Support Systems 
 
According to Uy and O'Rourke (2000), one of the reasons that GIS has become so 
valuable is due to its ability to integrate with more advanced data processing systems. 
The integration of analytical modelling, simulation and decision-support systems can 
significantly increase the functionality of GIS. The following sections provide examples 
of how these linked systems enhance GIS applications for civil infrastructure systems 
CIS. Uy and O'Rourke (2000) suggest that analytical modelling and simulation are often 
used for revealing and predicting the patterns and behaviour of the natural environment 
such as wildlife migration, groundwater movement, contaminant migration, weather, and 
earthquakes. It has also been applied to traffic pattern prediction, rural/urban migration 
and transportation routing. Analytical modelling uses mathematical algorithms to 
describe physical occurrences. Simulation is used when the behaviour of system cannot 
be easily formulated into mathematical equations. Integrating these models with GIS 
allows the user to visualize the model and manipulate the data from the model to better 
understand and make decisions concerning its effects on the system in question (ibid). An 
example of simulation and GIS is the development of an Urban Simulator by researchers 
at UCLA's Department of Architecture. The Urban Simulator is a "visualization system 
which provides high quality photo-realistic simulations of selected communities and 
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neighbourhoods."  The simulation allows the user to walk through the streets and view 
the buildings and structures in a 3-D format. Changes can be made to the photographs, 
which then can be visualized and evaluated before the changes are implemented. Search 
and retrieval tools that can be used to identify existing problems and evaluate alternative 
solutions. 
 
One of the applications of the Urban Simulator involved simulating a proposed ordinance 
that required property owners to plant trees in front of their properties. The simulator was 
used to demonstrate the effect of the ordinance on the neighbourhood based on sales data. 
GIS was used to query the sales data and provide the information for the simulation. This 
technology could be used to visualize and evaluate urban planning strategies, street 
design, utility network design (above and underground) and maintenance of 
infrastructure. For example, pictures of streets could be kept and updated in a GIS, 
allowing for difficulties in repair (due to traffic, new construction) to be anticipated 
beforehand. 
 
4.4 GENERIC GIS CAPABILITIES 
 
The presented studies and development of GIS based decision support systems 
demonstrates that a GIS is a comprehensive system tool to deal with data and information 
exchange and management. They suggest several key fundamental generic independent 
analytical capabilities that will be employed in the proposed system development in the 
study. These include their data storage and association capabilities, technology 
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integration capabilities, and map creation and analysis capabilities. Although there are 
numerous ways to describe these interdependent analytical capabilities the following 
capabilities of GIS utilisation in the analysis of data are apparent and include: 
 
i) Data distribution and access  
 
GIS as a central repository of data can produce complete, accurate and up-to-date data, if 
the system is updated regularly. The data can also be easily accessible which can save 
labour time. As a central resource for data it can be easy to access and distribute the 
information to users.  
 
ii) Data integration and analysis  
 
It is clear that from the various applications reported that GIS capabilities can be utilised 
in the data analysis through the application of different and varied datasets that can 
integrated. This could result in the production of new visual information through highly 
detailed maps that could be analysed together rather than singularly. This means that 
there is considerable potential for new information and knowledge to be generated from 
the analysis of spatial patterns. The scope for improved decision-making would be 
enhanced and an understanding of the issues facing an industry could be facilitated. One 
other key benefit of GIS use is the potential to enhance data integration. Not only is a 
pictorial representation of data a benefit, but additionally, the capability to relate these 
data to other data sets is of interest. 
Chapter Four: A Review of GIS Capabilities and Utilisation in the Construction Industry 
111 
 
 
Furthermore, different construction environment information can be integrated and 
analysed to reveal the patterns and relationships that exist within the different datasets. 
Most GIS applications complement information in other databases, which means it can 
provide an essential and informative geographic context to existing information. GIS can 
also allow users to select, add and integrate various data for analyses facilitate them with 
a greater understanding of the geographical contexts or issues. 
 
GIS also allows searching for spatial patterns, processes and for relationships between 
different factors in varied datasets and integrates them in thematic map layers. For 
example, an incident occurring due to a particular factor can be compared to the location 
of public institutions and surrounding factors. GIS also allows single areas to be 
separated from the surroundings as (Figure 4.7). 
 
 
Figure 4.7: Single Area Analysis 
Sources: Adapted from Foote and Lynch (2000) 
 
A GIS would allow different information layers to be extracted to work with in the 
process known as Map Algebra (Figure 4.8). Information from specific layers can be 
combined and transformed into a new layer that will give information for further analysis.  
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Figure 4.8: Extraction of Information Layers 
Sources: Adapted from Foote and Lynch (2000) 
 
Furthermore, a GIS is different from other information technologies because of its ability 
to integrate with more advanced data processing systems. The integration of remote 
sensing, image processing, global positioning systems, computer-aided design, statistical 
programs, analytical modelling and simulation, and decision-support systems can 
significantly increase the functionality of a GIS. On the other hand, a GIS can 
significantly increase the capabilities of these individual technologies (Uy and O'Rourke, 
2000). 
 
ii) Enhanced Map presentations and decision-making  
 
Having data on detailed maps can give a greater understanding of the geographical issues 
that affect a specific problem under investigation. Through visualisation, a GIS can be 
used to produce images - not just maps, but drawings, animations, and other cartographic 
products. These images allow the user to view their subjects in different ways. The 
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images are often equally helpful in conveying the technical concepts of GIS study 
subjects to non-scientists. 
 
iv) Patterns and trends in the data that cannot be readily seen 
 
The same data over a period of time can reveal geographical trends in data that aid 
decision-making for the future; 
 
v) Error detection 
 
Manual records can be inaccurate due to human error. Converting and combining manual 
data to populate a GIS database will bring to light errors and omissions that exist in the 
dataset or information. Most GIS systems will allow users to access data from most 
databases, which saves time that might be required to input data into the software; 
 
vi) Query mechanism  
 
The potential of using GIS to store, query, and analyse accidents as well as their potential 
root causes has been widely documented. Asking questions such as “What is there?”, 
“Why are they there?”, “What will happen if?”, “What might happen if?” of the data to 
simulate different scenarios and help strategists when planning. This aids users in the 
analysis of the best options of use of information and provide a sound basis for effective 
decision making. 
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There is a degree of overlap among the benefits of GIS as a tool to study 
countermeasures. For example, being able to visualise the data visually may for one 
analyst be useful as a means of understanding a large amount of information, whereas 
another analyst might use that same GIS capability to discern trends that otherwise would 
not be apparent. Initially, these GIS applications can focus on a graphical display of 
factor locations; later, these GIS applications become integrated with statistical 
techniques. It is important to highlight that in many instances the value of the GIS 
analysis is not only its ability to provide visual representation, but additionally, it is the 
GIS’s ability to either organise the data in a different manner than has been done 
previously or to integrate the one set of data with another data set from a different source.  
 
It is clear that there has been considerable scope of GIS use in the construction industry. 
However, despite this usage, there is no evidence to show that the capabilities exhibited 
in GIS have been exploited for health and safety management in the construction 
industry. There have been no specific applications that have focused directly on health 
and safety in the construction industry. The potential capabilities of  analysis, 
visualisation, and display of spatial and non-spatial data  exhibited by  GIS illustrates 
how these could be applied in analysis of historical construction data for the prevention 
of accidents or ill health on construction sites. With the capabilities it is envisaged that 
the utilisation of GIS would facilitate the assessment and prediction of accident trends in 
the construction industry, providing a quick referencing GIS success that would 
intuitively organise and display historical accident data for geo-spatial trend analysis.  
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GIS technology provides a relatively instant access to the information via computer 
terminals which could enable locational data to be displayed and, if necessary, updated 
directly on the screen. Having acquired geographical data in digital form, it becomes 
possible to display and analyse the data in ways that are often much quicker and more 
effective than was possible using manual techniques. GIS allows the creation of map 
displays simply by pointing and clicking. GIS lets users visualise and analyse information 
in new ways, revealing previously hidden relationships, patterns, and trends. 
 
In as much as the output of a GIS is a map, the process of creating this map is where a 
GIS differs from cartographic drafting (Burrough and McDonnell (1998). Moreover, Durr 
and Gatrell (2004) have stressed that a large part that accounts for the difference is 
actually to do with the power of maps. With a GIS, there is no longer a dependence upon 
maps already published as they can easily be created.  Burrough and McDonnell (1998), 
further note that, a GIS uses a variety of sources and techniques to answer spatial 
questions. Geographic sources may include existing maps (digital & paper), aerial 
photographs and satellite images. Information contained in these maps can originate from 
a variety of databases with data applied to the maps become known as map attributes.  
 
4.5 CHAPTER SUMMARY 
 
This chapter provided an overview of the facilities that are usually found in GIS, along 
with an indication of the types of functionality. The evaluation in this chapter supported 
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that GIS can be employed to relate, organise, analyse and display the construction and 
construction accident data in a creative manner, thereby facilitating accident 
countermeasure identification and evaluation.  Section 4.1 and 4.2 presented an overview 
of GIS technology focussing on the definition, functionalities and functional components. 
Furthermore, section 4.3 identified and synthesised appropriate research work that 
demonstrated and illustrated the GIS capabilities through its utilisation in the construction 
industry. Section 4.4 postulated the potential capabilities for analysis, integration 
visualisation, and display of spatial and non-spatial data exhibited by GIS. With the 
capabilities in GIS demonstrated in this chapter, it was envisaged that the proposed GIS 
approach would facilitate the analysis of construction environment information for health 
and safety planning. Such procedures would thus, provide quick referencing GIS 
successes that would intuitively organise and display historical accident data for geo-
spatial analysis. The development of the proposed approach forms the basis for the 
discussions in the following chapters. 
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CHAPTER FIVE: RESEARCH METHODOLOGY AND 
APPROACH 
 
5.0 INTRODUCTION 
 
This chapter presents the research methodology adopted for the exploration and 
development of a tool that assists Construction Design and Management (CDM) duty 
holders and the Health and Safety Executive (HSE) in the construction industry.  
 
Section 5.1 outlines some of the methodological approaches that are available. 
 
Section 5.2 presents the adopted research methodology and approaches used in this study. 
It then provides a research map of the overall research design and details the research 
approaches that are used, and sets out the reasoning behind the approaches selected for 
this research. This section also describes the development of the user evaluation strategy 
used to test an implemented prototype system against the requirements of the idealised 
framework.   
 
Section 5.3 proposes a conceptual framework for the application of GIS-based analytical 
system in the analysis of information from various sources. Based on evidence presented 
in the previous chapters, this section highlights the potential capabilities of the proposed 
health and safety information analysis system. 
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Section 5.4 highlights the potential users of the proposed GIS-based health and safety 
system. 
 
Section 5.5 highlights a proposed approach for a prototype analytical system, which 
provides the ability to collect, manage, integrate, analyse and present information in a in 
the construction industry. It also highlights the implementation of the IDEF0 
methodology to model principal processes for the GIS analytical system. 
 
5.1 RESEARCH METHODOLOGY 
  
A research methodology describes the principles and procedures of logical thought 
processes applied to scientific investigation (Fellows and Liu, 1999). Research methods 
can be classified in various ways. Yin (1994) highlights five (5) strategies of research: 
experiment; survey; archival analysis; history and case study.  Robson (1996) identifies 
the research methods that can be adopted these include: interviews; questionnaires; one-
to-one discussions; observation; and experiments. However, one of the most common 
distinctions is between qualitative and quantitative research methods.  
 
5.1.1 Qualitative Research 
 
According to Burns (2000), qualitative research most often deals with a restricted sample 
of individuals that does not necessarily need to be representative. It may be the 
preliminary phase of a quantitative study or stand-alone research. It is an exploratory 
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study (to explore an unknown sector, identify the main dimensions of a problem, draw 
assumptions, and understand motivations) or an operational study based on in-depth 
analysis of interviewee responses (in a group or individually). It tends to be ‘subjective’ 
in nature and consists of ‘detailed descriptions of situations, events, people, interactions 
and observed behaviour’ (Patton, 1992).  
 
Hancock (1998) lists the following as the main methods of collecting qualitative data:  
¾ Individual interviews; 
¾ focus groups; 
¾ direct observation; and 
¾ case studies. 
 
5.1.1.1 Individual interviews 
 
An interview is a verbal interchange, often face-to-face (though the telephone may be 
used), in which an interviewer tries to elicit information, beliefs or opinions from another 
person (Burns 2000). Patton (1990) states that interviews are particularly useful for 
getting the story behind a participant's experiences. The interviewer can pursue in-depth 
information around a topic. Interviews may be useful as follow-up to certain respondents 
to questionnaires, e.g., to further investigate their responses. Usually open-ended 
questions are asked during interviews.  
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Patton (1990), sets a list of the types of interviews which include: 
1. Informal, conversational interview - no predetermined questions are asked, in 
order to remain as open and adaptable as possible to the interviewee's nature and 
priorities; during the interview, the interviewer "goes with the flow".  
2. General interview guide approach - the guide approach is intended to ensure 
that the same general areas of information are collected from each interviewee; 
this provides more focus than the conversational approach, but still allows a 
degree of freedom and adaptability in getting information from the interviewee 
3. Standardised, open-ended interview - here, the same open-ended questions are 
asked to all interviewees (an open-ended question is where respondents are free 
to choose how to answer the question, i.e., they don't select "yes" or "no" or 
provide a numeric rating, etc.); this approach facilitates faster interviews that can 
be more easily analysed and compared. 
4. Closed, fixed-response interview: - where all interviewees are asked the same 
questions and asked to choose answers from among the same set of alternatives. 
This format is useful for those not practiced in interviewing. 
 
Interviews can be structured, semi structured or unstructured, with the approach used 
dependent on both the stage of the research and the nature of the data or information 
being sought. The various types are thus described and include those discussed in the next 
section. 
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a) Structured Interviews 
 
Structured or standardised interviews are used predominantly in surveys and opinion 
polls with consequent quantitative analysis. Every interviewee receives the same 
questions in the same specified order to achieve statistical comparability. The questions 
tend to require specific answers and are closed ended. There is no latitude or flexibility 
allowed to either the interviewer or the respondent. 
 
b) Semi-structured Interviews 
 
Semi-structured interviews can be used either as part of a structured interview or an 
unstructured interview. An interview guide may be developed for some parts of the study 
without fixed ordering of questions so that some direction is given to the interview. The 
content is focused on the crucial issues of the study. This gives greater flexibility than the 
closed-ended type and permits a more valid response from the respondent’s perception of 
reality. 
 
c) Unstructured Interviews 
 
An unstructured interview takes the form of a conversation between the respondent and 
the researcher. It focuses, in an unstructured way, on the informant’s perception of 
themselves, or their environment and of their experiences. There is no standardised list of 
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questions. It is a free flowing conversation, relying heavily on the quality of the social 
interaction between the researcher and the respondent that can be subtly redirected by the 
interviewer if it should stray too far off the track of the research study. Thus while it is 
made to be as natural as possible, the direction of the conversation is always controlled 
somewhat minimally to ensure the focus stays relevant to the problem. 
 
Patton (1990), also notes six kinds of questions one can ask questions about in an 
interview and include the following: 
1. Behaviours: - about what a person has done or is doing. 
2. Opinions/values: - about what a person thinks about a topic. 
3. Feelings: - note that respondents sometimes respond with "I think ..." therefore 
it is prudent to note it is feelings that one is dealing with. 
4. Knowledge: - to get facts about a topic.  
5. Sensory: - about what people have seen, touched, heard, tasted or smelled. 
6. Background/demographics: - standard background questions, such as age, 
education, etc.   
These questions can be asked in terms of past, present or future. 
 
5.1.1.2 Focus groups  
 
Focus groups are a form of group interview that capitalises on communication between 
research participants in order to generate data (Kitzinger, 1995). Although group 
interviews are often used simply as a quick and convenient way to collect data from 
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several people simultaneously, focus groups explicitly use group interaction as part of the 
method. This means that instead of the researcher asking each person to respond to a 
question in turn, people are encouraged to talk to one another: asking questions, 
exchanging anecdotes and commenting on each others' experiences and points of view 
(Powell and Single, 1996). The method is particularly useful for exploring people's 
knowledge and experiences and can be used to examine not only what people think, but 
also how they think and why they think that way (Gibbs, 1997). 
 
5.1.2.3 Direct observation  
 
Direct observation refers to observing and studying those participating in a research 
study. It is usually used when data collected through other means can be of limited value 
or is difficult to validate (Hancock 1998).  
 
5.1.1.4 Action research 
 
This generally involves active participation by the researcher in the process under study, 
in order to identify, promote and evaluate problems and potential solutions (Fellows and 
Liu, 1997). 
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5.1.1.5 Case Studies 
 
The case study approach is used to gain in-depth understanding of the subject, focusing 
on process rather than outcome, on discovery rather than confirmation (Burns 2000). 
Patton (1990), states that, case studies are particularly useful in depicting a holistic 
portrayal of a client's experiences and results regarding a program. For example, to 
evaluate the effectiveness of a program's processes, including its strengths and 
weaknesses, evaluators might develop cases studies on the program's successes and 
failures. Case studies are used to organise a wide range of information about a case and 
then analyse the contents by seeking patterns and themes in the data, and by further 
analysis through cross comparison with other cases. A case can be individuals, programs, 
or any unit, depending on what the program evaluators want to examine through in-depth 
analysis and comparison. Interviews, focus groups and case studies are discussed in detail 
later on in this chapter, as they are part of the adopted methodology for the research. 
Thus, a case study must involve the collection of very extensive data to produce 
understanding of the entity being studied. It is the preferred strategy when ‘how’, ‘who’, 
‘why’ or ‘what’ questions are being asked, or when the researcher has little control over 
events, or when the focus is on a contemporary phenomenon within a real life context. In 
a case study the focus of attention is on the case in its idiosyncratic complexity, not on 
the whole population of cases (Burns 2000).  
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5.1.2 Advantages and Disadvantages of Qualitative Research Methods 
 
Qualitative research has a number of advantages and disadvantages. One of the main 
benefits of using qualitative data is that it gives a richness of data and a deeper insight 
into the phenomena under study (Hancock 1998). The beliefs, understanding, 
experiences, opinions and views of the respondents are investigated. There is scope for 
the researcher to gain an insider’s view of the field, revealing subtleties and complexities 
that could go undetected through the use of more standardised (or quantitative) measures 
(Burns, 2000). The disadvantages of qualitative approaches relate to the problems of 
adequate validity and reliability of the data collected due to its subjective nature and the 
relatively small sample sizes (Burns, 2000). Data collection can be time consuming and 
consequently data is collected from smaller numbers of people than would usually be the 
case in quantitative approaches such as the questionnaire survey. The data collected is 
usually unstructured and analysing it tends to be difficult, often requiring a lot of 
filtering, sorting and other ‘manipulations’ (Fellows and Liu, 1997). 
 
5.1.3 Quantitative Research 
 
Quantitative research seeks to gather factual data and to study relationships between facts 
and how such facts and relationships accord theories and findings of any research 
executed previously (Fellows and Liu 1997). Quantitative research involves an inquiry 
into an identified problem, based on testing a theory, measured by numbers, and analysed 
using statistical techniques. The goal of quantitative methods is to determine whether the 
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predictive generalisations of a theory hold true. Quantitative research is most commonly 
encountered as part of a formal or conclusive research, but it is also sometimes used 
when conducting exploratory research.  
 
It differs from qualitative research in the following ways: The data is usually gathered 
using more structured research instruments; the results provide less detail on behaviour, 
attitudes and motivation; the results are based on larger sample sizes that are 
representative of the population; the research can usually be replicated or repeated, given 
its high reliability; and the analysis of the results is more objective. The most common 
quantitative research techniques include (SJI 1999): 
 
1.Experiments:  
 
These are experiments characterised by random assignment of subjects to experimental 
conditions and the use of experimental controls. 
 
2.Quasi-Experiments:  
 
Quasi-experimental studies share almost all the features of experimental designs except 
that they involve non-randomised assignment of subjects to experimental conditions. 
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3.Surveys: 
 
These include cross-sectional and longitudinal studies using questionnaires or interviews 
for data collection with the intent of estimating the characteristics of a large population of 
interest based on a smaller sample from that population. 
 
The analysis of quantitative research is usually based on the use of statistical techniques, 
given the large sample sizes. 
 
5.1.4 Advantages and Disadvantages of Quantitative Research Methods 
 
The main strengths of quantitative methods lie in precision and control. Control is 
achieved through the sampling and design; precision through quantitative, repeatable and 
reliable measurement (Burns, 2000). They are considered more objective, and the larger 
sample sizes also provide a firm basis for generalisations about the wider population. The 
disadvantages of the quantitative approach lie in the fact that while it can illustrate 
patterns in the datasets, it may not necessarily be able to explain them or provide the 
deeper understanding that a qualitative approach can. It is considered unsuitable for 
‘unbounded’ problems in which the variables involved are unknown and cannot be 
hypothesised with some confidence (Fellows and Liu, 1997). 
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5.1.5 Triangulation 
 
Triangulation can be defined as the use of two or more methods of data collection in the 
study of some aspect of human behaviour (Burns 2000). Using this method, theories can 
be developed qualitatively and tested quantitatively (Khalfan, 2001). Triangular 
techniques attempt to map out and explain more fully, the richness and complexity of 
human behaviour by studying it from more than one standpoint and/or using a variety of 
methods. It contributes to verification and validation of qualitative analysis by: checking 
out the consistency of findings generated by different data-collection methods and 
checking the consistency of different data sources within the same method. By collecting 
and analysing these viewpoints, the evaluator ensures that the final evaluation report 
reflects the multiple realities of specific social relationships.  
 
Triangulation can be employed in both quantitative (validation) and qualitative (inquiry) 
studies. It is a method-appropriate strategy of founding the credibility of qualitative 
analyses. It becomes an alternative to "traditional criteria like reliability and validity". It 
is the preferred line in the social sciences because it combines multiple observers, 
theories, methods, and empirical materials, thereby enabling researchers to overcome the 
weakness or intrinsic biases and the problems that come from single method, single-
observer, single-theory studies(Tele, 2006).  
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Tele (2006) states that there are four basic types of triangulation:  
 
¾ data triangulation, involving time, space, and persons  
¾ investigator triangulation, which consist of the use of multiple, rather than single 
observers;  
¾ theory triangulation, which consists of using more than one theoretical scheme in 
the interpretation of the phenomenon;  
¾ methodological triangulation, which involves using more than one method and 
may consist of within-method or between-method strategies.  
¾ multiple triangulation, when the researcher combines in one investigation multiple  
¾ observers, theoretical perspectives, sources of data, and methodologies. 
 
5.2 ADOPTED RESEARCH  METHODOLOGY AND APPROACH 
 
According to Naoum (1998), the decision on which type of research strategy to follow 
depends on the purpose of the study and the type and availability of the information 
required. In determining the most appropriate method to be used, it is important for the 
researcher to understand what kind of research questions i.e., Who? What? Why? Where? 
and How?) the project will be asking, the degree of control the researcher will have over 
the process. The overall goal in selecting research method(s) is to get the most useful 
information in the most cost-effective and realistic fashion. Table 5.1 provides a useful 
categorisation for selecting the most appropriate method. 
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Table 5.1: Relevant Situations for Different Research Strategies 
Strategy Form of research question Requires control 
over behavioural 
events? 
Focuses on 
contemporary 
events 
Experiment How?Why? Yes Yes 
Survey Who?What?Where?How 
much? 
No Yes 
Literature Review Who?What?Where?How 
many?How much? 
No Yes/No 
History How?Why? No No 
Case Study How?Why? No Yes 
Source: Yin, (1994) 
The objectives arising from the aim of exploring the potential of the methodology of 
analysing and utilising of information from varied sources in the construction 
environment for mitigation of construction industry accidents defined and gave a clear 
perspective on how the research was to be approached and in the end defined the scope. 
At the beginning of the research a number of approaches were analysed to meet the goals 
of the research objectives. Based on Table 5.1, all the strategies with the exception of the 
experiment strategy were utilised at various stages and was determined by the 
information required and the cost-effectiveness and realistic fashion this information was 
obtained.  The overall methodology was to split the research into three phases: 
investigation, synthesis, and application (adapted from Morse, (1994) (Table 5.2). 
 
 An overview of the three-phase research methodology approach for the proposed system 
is also presented in Figure 5.1. The flowchart shows a step-by-step procedure adopted in 
this study and particularly the logical sequence in which the distinct stages were carried 
out. 
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Table 5.2: Research Map 
 
PHASE METHODOLOGY 
OBJECTIVE 
WORK TASKS METHODOLOGY 
STAGE 
METHOD
Ph
as
e 
1 
In
ve
st
ig
at
io
n 
1. Explore the current approaches 
in health and safety planning and 
the data sets  
1. Identify limitations 
within the UK 
construction health and 
safety procedures 
 
2. Identify and 
understand accident 
causation and prevention 
planning methods used in 
the in the UK 
construction industry and 
establish their limitations 
Preliminary information 
gathering 
 
 
 
Preliminary information 
gathering 
 
Literature 
Review 
 
 
 
Literature 
Review 
Ph
as
e 
1 
In
ve
st
ig
at
io
n 
2. Explore the potential utility of 
information systems  in 
supporting health and safety 
information analysis and decision 
making  
 
 
 
3. Review of information 
systems and the use of 
GIS in construction 
 
4. Identify dataset 
requirements of the GIS 
based system 
 
5. Health and Safety use 
in construction 
Preliminary information 
gathering 
 
 
Secondary information 
gathering 
 
 
Literature 
Review 
 
 
Literature 
Review 
 
 
Survey 
Ph
as
e 
2 
Sy
nt
he
si
s 
3. Design of GIS based system as 
to tool to improve health and 
safety planning 
6. Design of GIS based 
system application 
Secondary information 
gathering 
 
 
System design  
Literature 
Review 
Case study 
 
Action Research 
ProcessMapping 
 
Ph
as
e 
3 
A
pp
lic
at
io
n 
 
4. Implementation and Evaluation 
of the use of GIS based system  
by using it in analysis and 
enhancing health and safety  
7. System 
Implementation  
 
8. Exploration of user 
satisfaction 
 
System Implementation & 
 
 
Evaluation of System  
 
Action Research 
 
 
Action Research 
Focus Group 
Interviews 
Questionnaire 
Observation  
 
Ph
as
e 
3 
5. Limitations, Conclusions and 
Recommendations 
9.Recommendations for 
future development 
 
Preliminary information 
gathering  
 
Secondary information 
gathering 
 
Design & 
Implementation 
 
Evaluation of System  
Literature 
Review 
 
Observation  
 
 
 
Observation 
 
Observation 
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Phase 1-Investigation 
& Synthesis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Phase 2 - Synthesis  
 
 
 
 
 
 
 
 
Phase 3 - Application 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: Generic Research Methodology 
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5.2.1 Phase 1 - Investigation: System Strategy, Planning and Analysis 
 
The investigation stage involves the review of literature and acquisition of data from 
various sources to get an in-depth understanding of the subject matter of the research, 
which are GIS, accident causation, investigation, prevention, reporting and health and 
safety planning in construction. According to Paresi (1999), one of the most important 
activities in creating a new system is the identification of the problem being solved and 
proposition of the most feasible way to solve it and the description of this solution in 
system specification. The main aim of this phase (system strategy and planning) was to 
select the methodology, techniques and tools that were to be used in problem structuring. 
Fellows and Liu (1999) note that, it is essential that in the early stages of any research 
that a search is carried out to identify potentially relevant theory and literature. 
 
The literature review helps to stimulate the thinking of the researcher on the previous 
work that has been carried out in the subject domain (Fink, 1998). The literature review is 
a sounding board for ideas, as well as finding out what is already known and what 
specific methodologies have been used. It is often the case that research reports based on 
a literature review identifies additional questions that would be fruitful to pursue (Burns, 
2000). Therefore, before beginning, it was important to review and analyse all available 
scientific and academic literature related to the identified problems, which could be 
helpful in the design. The main activities in this stage thus included: 
 
 an in-depth analysis of the context of the research in the construction process in 
the construction industry. It entailed the initial review of relevant statistics in   
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health and safety in the construction process of the construction industry and 
accident analysis in the construction environment and their consequences 
(Chapter 1); 
 an initial literature review which examined the integration of health and safety in 
the construction planning process and the main components of the construction 
process and their interactions (Chapter 2).  
 
A literature review that broadly examined research into the types of accident prevention 
tools or management systems that exist in the prevention of accidents in the construction 
industry was conducted (Manase et al, 2004). The literature review was therefore used to: 
¾ Define the problem; 
¾ Highlight previous research so reinventing the wheel is avoided; 
¾ Highlight methodologies that have previously been used; 
¾ Reveal gaps in previous research; and, 
¾ Suggest areas for further research (Bowden 2005). 
 
An enquiry was also conducted to ascertain the utilisation of health and safety 
information in the construction industry. This process included conducting a survey 
(Appendix II). An initial pilot survey was conducted to establish the clarity and 
understanding of the questionnaire for the survey. The review and the survey thus 
identified the main users and various limitations and requirements in current procedures 
and tools. 
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Based on the limitations and requirements identified in the literature review and the 
survey, a well-structured applicable methodology approach was chosen. This process 
resulted in the proposal of the exploration of the GIS methodology approach as the 
analytical process that would effectively and efficiently utilise health and safety 
information for the construction process uptake. An in-depth review and evaluation of 
GIS capabilities and utilisation as a potential tool for accident prevention in the 
construction industry was thus conducted (Manase et al, 2005) (Chapter 4). The focus of 
this review was to identify sources of information and techniques that would help develop 
an approach for the proposed analytical system. 
 
The conceptual framework was then instituted as a guideline for information system 
development and is discussed in this chapter. The conceptual framework gave the 
overview of the capabilities of the proposed construction health and safety analytical 
system. The conceptual framework also proposed the system analytical procedures and 
functions and a description of information type, which users would need. Part of this 
process therefore also entailed the identification and acquisition of data from various 
sources (for example accident statistics, climatic data, population data, maps and their 
attribute data, accident site coordinates) (Chapter 6). 
 
5.2.2 Phase 2 - Synthesis: System Design and Implementation 
 
Phase 2 was the system design phase. The goal of the system design phase was to develop 
a model for the new system and entailed the modelling of the data for the proposed 
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system. The system design phase’s task was focused on how the system application could 
meet the requirements specified in phase 1. The main objective of this phase was thus to 
perform various data modelling procedures or mapping the system process. The main 
objective of the process-modelling step was to define the problem solution within 
processes modelling. The process modelling used IDEF0 modelling techniques for 
detailed description (as discussed in this chapter, section 5.6.1).  Data modelling is a 
process of representing and manipulating information within the framework of a database 
system. It is done in three levels - conceptual level, logical level and physical level 
modelling (Molenaar, 1998). The data modelling techniques’ main objective is to 
determine the logical structures (models) of the system to be developed. During these 
activities it is decided which information is important to the system and how this 
information can be obtained from the data. 
 
The conceptual model was thus the first level of abstraction from reality and consisted of 
the description of how thematic and geometric data could be linked in a database, and 
how the data about terrain objects could be abstracted and represented in a database 
(Pradhan, 1998). The conceptual data model was concerned with analysing the 
information requirements, and once all requirements were collected and analysed the next 
step was to create a conceptual schema for the database using a high-level conceptual 
model (Assefa, 1994). This was based on a case study that was selected for representation 
of the system. Thus the conceptual model was a concise description of the data 
requirements of the users and included detailed description of the data types, relationships 
and constraints (discussed further in Chapter 6). 
Chapter Five: Research Methodology and Approach 
137 
 
The logical data model is the intermediate level of data representation of the system and 
is the process of database design that implemented the conceptual data models in which 
storage structures were specified (discussed in Chapter 6). The logical data modelling 
follows the conceptual data model and was completed when the system database structure 
was chosen based on the detailed conceptual model design. It translated the conceptual 
model into a format that was compatible to system specific computer software (Chapter 
6). Different database structures such as hierarchical, relational, object oriented and 
network or record database structures were considered (Benyon, 1990; Oloke 2003). In 
this study the relational database structure was chosen to form the logical data model 
design (as discussed in Chapter 6).  
 
 
 
 
5.2.3 Phase 3 - Application: System Implementation, Evaluation and Review  
 
Phase 3 includes the system implementation which involves the mapping of data onto 
structures. This stage is referred to as the physical data modelling level and forms the 
final step in the research methodology where the internal storage structure and file 
organisations were specified. The physical data models describe how data items are put 
into storage locations so that they can be retrieved. This level thus, dealt with system 
configuration: hardware devices (storage, display and peripherals), file structures, access 
methods and location of data. In order to complete this phase the accomplishments of 
several proposed operational tasks had to be reached. A proposal of necessary assistance 
tools required in system was also conducted at this stage. This proposal included the 
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description and selection of the software and supportive tools from a large variety of 
software (Commercial, off-the-shelf (COTS) - is a term for software or hardware 
generally technology or computer products, that are ready-made and available for sale, 
lease, or license to the general public) available on the market to assist different phases in 
information system development (Chapter 6). During this phase, once the preliminary 
design was established, the individual components of the system were built. Finally, the 
system evaluation was conducted and provided an analysis of the results of the user 
evaluation (Chapter 8). Evaluation is a very important aspect of IT system development 
and a range of techniques are available for undertaking this (Gashnig et al., 1983; 
O’Leary et al., 1990; Scott, 1997; Heesom, 2003). Many of these techniques are flawed 
in one respect or the other, with many system developers adopting ‘fitness for purpose’ 
(established through performance evaluations) as the principal criterion for determining 
the success or otherwise of a system (Anumba and Scott, 2001). Miles et al (2000) 
advocate performance evaluations involving potential end-users, and consider this the 
best way establish the usefulness of a given system. 
 
In addition to self-evaluation that was conducted by the researcher at various stages to 
ensure that the proposed GIS-based system was performing as intended, an end-user 
evaluation approach was adopted. This was designed to obtain feedback from industry 
practitioners as they provided very good insight into the effectiveness of the proposed 
GIS-based system. Thus, the user evaluation was chosen as the primary form of testing 
the effectiveness of the implemented system, as this was beneficial in determining the 
overall value of the software, including its abilities and limitations. An evaluation 
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questionnaire was designed and used during the evaluation of the proposed prototype 
system. The questionnaire contained questions relating to both the system’s functionality 
and user-interface to ensure adequate feedback on both the usefulness of the GIS 
application and its user-friendliness. A mixture of closed and open-ended questions were 
also included. The closed questions required the evaluators to rate the system using a 5-
point Likert scale, which is considered appropriate by many researchers for use in 
evaluations of this nature (Aziz, 2005). The open-ended questions enabled the evaluators 
to make suggestions and comments on aspects of the system. A focus group and 
independent one on one discussions were arranged among potential users of the proposed 
GIS-based system to obtain feedback on the usefulness and benefits of the system. 
Information was obtained through the process of direct observation of the participants in 
the focus group and the one on one discussions. The accurate observation of participants 
is key to the success of this method and determines the validity of the findings. Ackroyd 
and Hughes (1992) describe four roles of observation and from participant to complete 
observer (Table 5.3). 
 
Table 5.3: Participant Observation Roles 
Source: Ackroyd and Hughes (1992) 
 Role Description 
1 Complete participant The role in which the observer becomes a fully 
fledged member of the group under study, any 
research purpose being considered 
2 Participant as observer Both researcher and subjects are aware of the facts that 
there is a fieldwork relationship 
3 Observer as participant Involvement with the subjects is deliberately, or for a 
number of practical reasons, kept to a minimum 
4 Complete observer Requires investigators to insulate themselves from any 
social contact whatsoever with the subjects 
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The observation in this research was that of type 3- the ‘observer as participant’ role, in 
which all the people involved in the project were aware of the researcher’s role. The 
researcher was deliberately involved in the process because not all the participants had 
adequate knowledge of the GIS-based system. Thus, a demonstration of the system was 
given to the participants to illustrate how the system works. Participants were asked to 
use the system and encouraged to ask and suggest areas of improvement. Further details 
of the evaluation questionnaire and the evaluation results are given in Chapter 8 and 
Appendix IV. 
 
5.3 CONCEPTUAL FRAMEWORK OF THE CONSTRUCTION 
HEALTH AND SAFETY INFORMATION ANALYSIS 
 
The literature review in Chapter 2 and the surveyy in Chapter 3 revealed various 
limitations and requirements and identified a lack of health and safety information 
analysis as the primary limitation to current health and safety planning techniques. 
Addressing the identified limitations in the current utilisation of construction health and 
safety information and the requirements needed to promote an efficient and effective 
construction health and safety planning process led to the development of a robust 
framework (Figures 5.2 and 5.3). This also formed the basis of the proposed exploration 
GIS capability approach, which is also discussed in this chapter.  
 
In the exploration of the GIS capability approach the framework in this study proposed 
the use of a GIS-based system that allowed the construction planning process to be 
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allocated spatially referenced and analysed construction environment information 
required for decision-making by various CDM duty holders at various stages (referred to 
in the gateways in Chapter 2). It also proposed a procedure that allowed various analyses 
to be conducted (for the identification of causation factors) by the Health and Safety 
Executive in their mission to mitigate accidents.  This framework for construction health 
and safety information analysis explores and utilises GIS analytical capabilities of 
capturing, modelling, manipulation, retrieval, analysis, and presentation of the results of 
various analyses on vast historical geographically referenced data and thus providing 
useful information for decision makers (Chapter 4).  
These capabilities ensure that various factors contributing to causation of construction 
accidents are taken into consideration and incorporated in the construction planning 
process.  It was therefore, envisaged that by applying technological developments in GIS, 
historical data could largely be used to predict futuristic accident trends and yield rich 
insights into the nature of the health and safety problems in the construction industry, 
thereby widening and providing a proactive solution to accident prevention. The 
proposed approach could provide a quick referencing GIS success that would intuitively 
organise and display historical accident data and perception data for geo-spatial trend 
analysis. The capabilities of the proposed GIS interactive system are discussed in this 
chapter. 
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5.3.1 Capabilities of the Proposed Health and Safety Information Analytical 
System  
 
The proposed approach utilises a novel methodology involving analysis of varied 
information that relate to the construction environment. Through these processes an 
identification and understanding of the determinants (causation factors) of accidents and 
their occurrence in the construction industry are realised. The benefits of GIS are well 
established in a variety of applications (Chapter 4). Thus the main strengths of the 
proposed the GIS-based health and safety system come from its core components (Figure 
5.3) and these include: the database management analysis module; the spatial analysis 
module spatial representation module.  
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Figure 5.2: Proposed Utilisation of Analysed Construction Health and Safety Information 
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Figure 5.3: Conceptual Framework of the GIS Based Construction Health and Safety Information Analysis 
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5.3.2 Data Management and Analytical Module 
 
Data management is the process of planning, co-ordinating, protecting, controlling and 
facilitating access to data in order to provide users with timely access to the data they 
need (Anon, 2007). Therefore, this section offers the major functions of the data 
management module. The functions of the data management module include the 
inventorying, monitoring and statistical analysing data.  
 
5.3.2.1 Inventorying 
 
The proposed GIS based health and safety system has a generic extensible inventory that 
stores spatial and attribute requirements of various types of information. This process 
allows formatted and transformed up-to-date spatial and attribute sources of information 
to be stored and made available at every stage of the construction process. This capability 
offers the CDM duty holders and the HSE, access to a large source of data relating to 
many factors upon which specific analytical procedures for understanding the spatial and 
attribute relationship of the data could be conducted. 
 
5.3.2.2 Monitoring 
 
Monitoring in this study would be the process of repeatedly measuring an attribute over 
time to determine changes in location or condition. Nearly all of the resources 
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traditionally monitored by the HSE can be assessed within the proposed GIS based health 
and safety system. By facilitating the storage, retrieval, and comparison of any attribute 
data over any time frame, the proposed GIS-based health and safety system can simplify 
the process of monitoring, assessing change, and determining trends (thereby identifying 
causation factors). 
 
5.3.2.3 Statistical Analysis Query 
 
The proposed GIS based health and safety system can carry out specific calculations. 
Furthermore, various queries utilising varied formulae and parameters in order to arrive 
at the sound conclusions can also be conducted. Data analysis through statistical analysis 
can also be performed by examining and summarising data with the aim of extracting 
useful information and making inferences and developing conclusions. This would 
involve the use of data that is collected, formatted and stored in the databases of the 
system. Statistical analysis can be very useful in exploratory data analysis and 
confirmatory data analysis, where emphasis is placed on discovering new features in the 
data and on confirming or falsifying existing hypotheses respectively. 
  
5.3.3 Spatial Analysis 
 
Spatial analysis is the process of modelling, visualising, and interpreting results (ESRI, 
2000). The geo-processing analyses in the proposed GIS based health and safety system 
would enable CDM duty holders and the HSE perform sophisticated spatial analysis on 
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the desktop. Analytical capabilities in spatial analysis include: overlay analysis, buffer 
analysis, proximity analysis, network analysis, statistical analysis, query extrapolation 
and locational analysis. 
 
5.3.3.1 Overlay Analysis 
 
A GIS can overlay different pieces of information (Chapter 4). This GIS capability helps 
in decision-making and health and safety research through multi-criteria modelling such 
as for example, understanding the association between prevalence of certain accidents or 
diseases and specific geographic features, overlay techniques will combine spatial data in 
other ways, such as features that can be combined to simply add one spatial data set to 
another, or to update or replace portions of one data set with another data set. Overlay 
analysis can be used to merge spatial data by combining two or more spatial data sets to 
produce a new spatial data set where the feature attributes are a union of the input data 
sets. In health and safety information analysis, the CDM duty holder and the HSE can use 
these spatial techniques to combine demographic data, such as the number of households, 
showing the average number of school age children, with the region accident data 
showing members of the public related construction accidents. This can be done in order 
to derive risk factors for the total number of members of the public-related construction 
accidents relative to the total number of school age children region thus for members of 
the public-to-school safety analysis. 
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5.3.3.2 Proximity Analysis 
 
This is a type of the proposed GIS based health and safety system query capability and a 
category of spatial analysis that represents the fundamental difference of GIS from all 
other information systems. In proximity analysis, the GIS based health and safety system 
can create buffer zones around selected features. Buffering is a means of performing this 
practical spatial query to determine the proximity of neighbouring features. Therefore, 
buffering can locate all features within a prescribed distance from a point, line, or area, 
such as determining the number of accidents that occurred within 800 m of a location, or 
locating accidents that occurred within a certain distance and time (e.g., 400 m and 30 
min) of other accident events. Another example would involve the creation of buffer 
zones around the construction inputs and combining them with land cover information 
derived from aerial or satellite images. This analysis would help in defining the 
residential (members of the public) exposure to accident occurrence. Targeted areas of 
exposure (based on cutting-off distance from construction affected areas to residential 
areas) can be used for further scrutiny with regard to temporal changes in accident 
concentration. Proximity analysis can also be used to measure the extent and type of 
problem within a certain distance around a particular location. The distance can be 
anything that one wants to use as a radius around a particular location. For example, a 
radius of 1 km around a construction site and then combine this information with accident 
(hazard incidence) data to determine how many hazards fall within the buffer. Proximity 
analysis can be used to map the impact zones of hazardous sites, where control activities 
need to be strengthened.  
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Other examples of proximity analysis applications of the proposed GIS based health and 
safety system include spot/intersection analysis, and cluster analysis. 
 
a) The spot/intersection analysis: can be used to evaluate accidents at a user-
designated point or intersection for a given search radius. The spot or intersection 
of interest can be selected by clicking on the map using the mouse or by entering 
the intersecting street names. The end result of this analysis is a report that lists 
the number of accidents, fatalities, injuries, costs, etc., (as defined by the user) 
and a graphic representation that can be an output such as a hardcopy map 
depicting the spot, search radius, and selected accidents. 
 
b) Compare locations of hotspots across time: Accident hotspots that have been 
identified over several months can be displayed at the same time. This can allow 
for the identification of areas with chronic problems and indicates the direction in 
which particular accidents or disease may be shifting. This information is then 
represented on maps. These types of maps can be used to solicit resources for an 
area from public and/or other private agencies. 
 
c) Compare hotspots of different accident types: Hotspots of different health and 
safety offence or accident types can be displayed on a map to identify where they 
overlap. For instance, non-compliance of a particular regulation can be displayed 
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along with an accident hotspot to discover where they overlap. A more detailed 
analysis of these intersecting areas can then be performed. 
 
d) The Cluster analysis: can be used to study accidents clustered around a specific 
feature, such as a bridge or railroad crossing (classic use of GIS in epidemiology 
for example). Cluster analysis identifies areas that contain dense clusters of events 
(hotspots) and fall within a given distance from a particular feature. These high 
concentration areas would demand special HSE or local government attention. 
Again, the output is a report that lists various summary statistics selected by the 
user and a map depicting the high accidents locations. Hotspots of fatal accidents, 
major accidents, residential accidents, commercial accidents, auto accidents, etc., 
can be calculated every month for each local authority area. 
 
e) Analyse multiple variables: The relationship between one variable with another 
can be analysed and this would indicate the strength and direction of the 
relationship between the two variables. For instance one could analyse the 
relationship between the number of alcohol permit locations (Pubs) and the 
number of accidents near construction sites. Regression analysis is used to predict 
the value of a dependent variable such as fatality rate based on the values of 
independent variables such as the poverty level within an area. Regression allows 
for additional variables like illiteracy, habits, etc. to be included in the model. The 
results of this type of analysis might be used to solicit resources from other 
public/private agencies to help reduce the accident rate. 
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5.3.3 Network analysis 
 
Materials delivered on construction sites can be scheduled in a more efficient manner by 
analysing transportation factors and street patterns, and by recommending the most 
efficient safe route. The proposed GIS based health and safety system through this 
analysis can provide accurate and timely information about where health services, public 
buildings, schools are located and instructions and maps on how to get there. 
 
Unlike proximity analysis that searches in all directions from a point, line, or area, 
network analysis is restricted to searching along a line, such as a route, or throughout a 
network of linear features, such as the road network. Network analysis can be used to 
define or identify route corridors and determine travel paths, travel distances, and 
response times. GIS based health and safety system networking capabilities thus, can also 
be used for the selection of optimal safe paths or routes. The user inputs the origin and 
destination, and the proposed system produces a map and walking directions for the 
preferred route, which is based on the level of hazard associated with the various 
roadway and traffic elements.  
 
To improve the network model and provide the capability of automated route selection, 
the road network can be developed to include turning points, avoid improper turns onto 
one-way streets, represent posted traffic control restrictions, and include impedance 
factors to travel (such as mean travel speeds, number of travel lanes, and traffic volumes) 
to enhance the network analysis.  
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5.3.4 Spatial Statistical Analysis and Query 
 
The proposed GIS based health and safety system can carry out specific calculations. For 
example, proportion of population falling within a certain radius of a construction site. It 
can also calculate distances and areas, for example, distance of a community/construction 
site to a health centre, and area covered by a particular health and safety programme.  
 
The proposed GIS based health and safety system can allow interactive queries for 
extracting information contained within the map, table or graph. It can answer queries of 
location, condition, trends, spatial patterns and modelling. The proposed GIS based 
health and safety system contains various ways to query and analyse data. CDM duty 
holders can run the easy-to-use geo-processing processes or define their own analysis 
procedures and yield powerful results. Answers can be found according to location, 
content, proximity, and intersection. As data is added to maps, CDM duty holders or the 
HSE would be able to find the geographic factors and attribute factors that drive health 
and safety trends and distributions. Furthermore, an addition of different data layers, 
CDM duty holders or the HSE could be able to determine locations where particular 
characteristics coincide and identify the places where most accidents occur enabling 
thorough accident mitigation procedures to be put in place. The proposed GIS based 
health and safety system would be able to aggregate varied data in the system database 
geographically by summarising it based on areas such as census tracts, local authorities, 
or country. This will enable the commencement of the comprehension and visualisation 
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analyses in a new light. Furthermore, the output from one analysis can be used as the 
input for the next analysis, enabling CDM duty holders or the HSE to refine their analysis 
for better results. 
 
5.3.6 Spatial Representation 
 
The proposed GIS based health and safety system could also allow spatial data and its 
attributes to be displayed with an efficient visualisation tool, the on-screen map. Data 
previously displayed, as a printed list, a database file, or a spreadsheet will acquire 
significantly enhanced representation in the proposed GIS based health and safety system 
as the data is displayed using a map interface. 
 
Graphical representation would play a leading role in the presentation of analysed health 
and safety information in the process of construction planning and management. The 
representation transfers planning ideas and strategies among professionals and provides 
illustrations for the CDM duty holders or the HSE. The graphic capabilities of the 
proposed GIS based health and safety system provide dynamic and synthesising map 
representations as users can produce maps using the richness of symbols with variable 
line weights, fill patterns, fonts, and even hand-drawn symbols. Users can also import 
different formats (even free hand sketches) of drawings into the proposed GIS based 
health and safety system database to produce needed maps. Starting in 2-Dimension, the 
proposed GIS based health and safety system would play an important role for spatial 
representations as it contain sophisticated cartographic tools. 
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5.3.6.1 Display/Query Analysis 
 
Maps are the pictures the GIS based health and safety system uses to communicate 
complex spatial relationships that the human eye and mind are capable of understanding. 
The computer makes this possible, but still, it is the GIS based health and safety system 
user that determines what data and spatial relationships will be analysed and portrayed, or 
how the data will be thematically presented to its intended audience. Using the database 
capabilities of GIS, the CDM duty holders or the HSE can query the database and have 
the results graphically displayed. This query analysis takes on the form of a “show me” 
question, such as “Can you show me all accidents that resulted in a fatality?” Query 
analysis capabilities in the proposed GIS based health and safety system can also be 
exploited for other purposes, such as database automation, which can be used for error 
checking and quality control of coded data. The use of imagery in GIS based health and 
safety system in conjunction with terrain modelling can provide a virtual reality display 
for construction safety analysis, giving the user a more realistic view of the landscape.  
 
5.3.6.3 Visualisation 
 
The GIS based health and safety system offers powerful tools to present spatial 
information to the level of individual occurrence, and conduct predictive modelling. It 
determines geographical distribution and variation of accidents/diseases, and their 
prevalence and incidence. For example, in studying the surveillance of falls from height, 
it is important to find out which type of fall from height is occurring in which parts of the 
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country, as this has important implications for the accident eradication strategy 
employed. GIS based health and safety system can help in generating thematic maps - 
ranged colour maps or proportional symbol maps to denote the intensity of the accident. 
In comparison with tables and charts, maps developed using GIS based health and safety 
system can be an extremely effective means for communicating messages clearly even to 
those who are not familiar with the technology. It would allow policy makers to easily 
understand and visualise the problems in relation to the resources, and effectively target 
resources to those communities or sectors of the construction industry in need. Simple 
maps that display the locations where accidents or concentrations of accidents have 
occurred can be used to help direct surveys or patrols to places they are most needed. 
Policy makers in the HSE and other departments might use more complex maps to 
observe trends in accident activity, and maps may prove invaluable in solving accident 
cases. The GIS based health and safety system permits dynamic link between databases 
and maps so that data updates are automatically reflected on the maps.  
 
5.3.6.4 Display Spatial Patterns of Events  
 
Digital maps are the quickest means of visualising the entire accident scenario. The 
locations of accident events can be routinely displayed on maps. This provides an easy 
method of viewing activities in an area rather than searching through a listing of events in 
the GIS based health and safety system. Maps can also be used to convey more than one 
type of information at a time. Accident locations can be symbolised according to the day 
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of week, type of accident, modus operandi (a particular victims or causers’ method of 
operation when committing an accident) or frequency. 
 
5.3.6.5 Integrate Community Characteristics 
  
Community characteristics (for e.g., markets, schools, colleges, parks, alcohol permit 
locations, etc.) can be routinely displayed on maps while analysing accident patterns to 
interpret relationship between these characteristics and the construction accidents in the 
GIS based health and safety system. Other mapping data such as bus routes and public 
housing can also be displayed at the same time to analyse relationships between 
neighbourhood characteristics and accidents. 
 
5.3.6.6 Produce Thematic Maps  
 
Maps can be produced at any geographic level (e.g. national, county or local authority) to 
aid in the analysis of accident patterns. Each response area can be shaded to represent the 
number of accidents that occurred in that area during a specific time frame. The darker 
the shade, the more the events that occurred within the area. These thematic maps can 
also be used to show the change in an area’s accident rate. The percent change in the 
number of accident incidents can be displayed by shading each area according to whether 
there was an increase, decrease or no change. 
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Furthermore, construction accidents do not occur uniformly and their occurrence may be 
due to the number of limitations existing in those areas. These accidents could be studied 
and analysed to identify some form of patterns through the proposed system. To observe 
the patterns of accidents, it is necessary to mark the location of accidents in an area on the 
map and thereafter, define the areas in terms of problems and resources. The reason 
accidents do not occur uniformly could be because, characteristics of construction sites 
vary significantly. The reason may also be the geography of area, demography of area, 
funds allocation or combination of these. The analysed information would be useful in 
adopting improvement measures for finally selected areas. 
 
5.3.6.7 Communication 
 
The proposed GIS based health and safety system could be an effective tool for public 
outreach, communication, and education. GIS is effective because most people 
understand information more readily when it is portrayed graphically, and one of the 
principal outputs of GIS is a map, combined with other data in graphical form. 
Construction health and safety analytical issues are often contentious, requiring a good 
understanding of several variables and their interrelationships, and where impacts and 
potentials occur within the environment. By graphically showing these interrelationships 
and locations, GIS-produced maps can improve communication among management 
personnel and the public, as well as among different stakeholders (Lime et al., 1995). 
Furthermore, a GIS can be set up in public meetings to allow immediate exploration of 
“what-if” scenarios to illustrate potential effects and outcomes of different decisions. For 
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example, if one user group wants to improve road access to a construction site, a GIS 
could be used to show the likely impact on density of people around the site, and effects 
on roads. This information would be useful for managers to communicate to various 
stakeholders the potential impacts and tradeoffs of different management alternatives, as 
well as to improve communication among the different stakeholders. 
 
5.3.7 GIS Health and Safety System Attributes  
 
From the discussion in the previous sections, it is clear that the proposed GIS based 
health and safety system offers essential attributes for analysis of construction 
environment data, generating vital information for use by CDM duty holders and the HSE 
in the construction process. Thus, the major attributes of the proposed GIS based health 
and safety system would amongst others include the ability to integrate and the capacity 
to be inclusive and efficient.  
 
5.3.7.1 Integrative and Inclusive 
 
The development process of integrating the GIS based health and safety system databases 
is not only the integration of different data types but also the integration of needs, 
responsibilities, and activities of the participants in the construction health and safety 
planning management process. The GIS based health and safety system database provides 
digital data collection of different formats and provides effective relationships amongst 
the data. Using this common platform of fully integrated databases, all the participants 
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can work together and share the information in the database with the same symbols, the 
same scale, and the same attributes. Data integration provides a microscopic level of 
analysis through the ability to spatially integrate and merge the data into a single view. 
Data not ordinarily used by the CDM duty holders or the HSE, such as demographic data, 
meteorological data, environmental data, economic data, and terrain data, to name a few, 
can be integrated with health and safety factors in a GIS based health and safety system 
database. Built-in SQL connectivity gives database access that enables the addition of 
data residing almost anywhere to maps for display and analysis. It is also possible to map 
tabular data residing in various databases through Open Database Connectivity (ODBC) 
and thus enhances extensibility (The ability to add new components, technology, and 
increments to the data warehouse solution. This is a critical capability for the data 
warehouse architecture and technical architecture) (Chapter 7).  
 
5.3.7.2 Efficiency 
 
The proposed GIS based health and safety system is an efficient tool that handles a large 
amount of data in a relatively short time. Within the GIS based health and safety system 
database system, all the operations (e.g., queries, buffers, and overlays, etc) can be 
combined to make a single model or sets of models, and then users can use the models to 
derive different results with different variables. Traditional operations in the process of 
construction planning management take place with a lot of file paper and rolls of 
drawings. The proposed GIS based health and safety system allows all information or 
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files to be conveniently stored, accessed in a database and represented in a meaningful 
way. 
 
5.4 POTENTIAL USERS OF THE PROPOSED APPROACH 
 
The potential users of the system have been proposed in accordance with the literature 
review and the survey in this study. The main identified users who would significantly 
benefit from the proposed GIS based health and safety system would be the CDM duty 
holders and the HSE who require more coordinated data. This tool is thus aimed at all 
CDM duty holders who include clients consultants e.g., designers, project managers; 
planning supervisors; contractors; anyone involved in planning construction projects and 
the various departments of the HSE (Table 5.4).  
 
Table 5.4: Targeted Users of the Proposed GIS-Based Health and Safety System  
 
USER  PRACTICAL VALUE 
CLIENT 
Initiates projects 
Appraisal of choices during feasibility studies during the design, 
construction and post completion stages. 
 
ARCHITECTS  
Elaborates the plan, largely responsible for implementation details 
(Specifications) and feasibility. 
Support for making choices while drawing up a plan. References to 
information sources. 
 
CDM COORDINATOR 
Responsible for drawing up the H&S plan and for the quality of the 
H&S plan. 
Quick scan for completeness of the H&S plan for the planning phase. Basis 
for effecting coordination. Use by compiler of the H&S plan. 
ENGINEERS 
Making choices regarding the plans and is primarily responsible for 
CDM Regulations compatible planning (material, form and location). 
Fulfilment of (statutory) obligations and delivery of a socially responsible 
plan. Making of CDM Regulations compatible choices. 
 
ESTIMATORS/QUANTITY SURVEYORS 
-Effects advance calculations to determine the budget within which the 
contractor must work. 
 
-Makes tender and operating estimates and usually determines in the 
process the budget the contractor must devote to working conditions. 
Information on working conditions in conjunction with different elements 
of the construction process. Basis for cost comparison and cost estimate. 
PROJECT MANAGERS 
-Responsible for preparing the overall plan. 
 
-Has ultimate responsibility for project implementation. 
 
-Day-to-day management on the construction site. Provides instructions 
and information. Carries out checks. 
-Appraisal of choices made by others as regards which this official is 
responsible for identifying any negative consequences. 
 
-Evaluation of choices. Making the task of fulfilling responsibilities easier. 
 
-Support for information and instructions to staff, planning of operations, 
evaluation of workplace and activities, basis for consultation and 
instructions. 
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CONSTRUCTION COMPANIES 
 
 
Support for establishment and management of CDM Regulations 
compatible working methods and the H&S plan for the implementation 
phase. 
H&S  COORDINATORS (CONSTRUCTION COMPANIES) 
Has ultimate responsibility for working conditions in the implementing 
H&S policies. Guides those drafting method statements and risk 
assessments. 
 
-Establishment and management of CDM Regulations compatible working 
methods and high-quality method statements and risk assessments. 
 
-Quick scan of method statements risk assessments, construction and 
planning phases. Output is the basis for day-to-day operations (information 
and coordination). 
BUYERS 
Establishes the framework conditions within which subcontractors and 
suppliers must comply with working conditions on the site. 
Information relating to materials procurement and subcontracting of 
operations and transporting and delivery. 
 
HEALTH AND SAFETY EXECUTIVE  
Provide advice on the organisation of health, safety and welfare in the 
workplace. 
-Information on main risks in realising elements of construction projects. 
 
-Generate information that can aid in analytical processes such as:  
 
a) Tactical analytical processes 
-These are analytical processes that provide information used to assist 
operations personnel (patrol and investigative officers) in identifying 
specific and immediate accident trends, patterns, series, sprees and hotspots, 
providing investigative leads and clearing cases. Analysis includes 
associating accident, disease or construction activities by method of 
accident or disease occurrence, time, date, location, victim, vehicle, and 
other types of information. 
 
b) Strategic analytical process  
-This analytical process is concerned with long-range problems and 
projections of long-term increases or decreases in accident or diseases 
(accident/disease trends). Strategic analysis would also include the 
preparation of accident/disease statistical summaries, resource acquisition, 
and allocation studies. 
 
c) Administrative analytical process 
This is process is focused on provision of economic, geographic, or social 
information to administration 
 
 
 
5.5 GENERIC PROPOSED APPROACH 
 
Based on the conceptual framework proposed in section 5.2, this study proposes an 
approach for the development of a GIS- based health and safety system. The planning of 
health and safety required by CDM duty holders in the construction process entails the 
analysis of vast amounts of spatial and non-spatial information covering various aspects 
in the construction industry to be considered. This information needs to be thoroughly 
analysed in an integrated mode in the construction planning process to enable CDM duty 
holders or the HSE take into consideration all relevant factors relating to a particular 
construction site or region. The proposed GIS health and safety system approach will 
therefore integrate all of the temporal and spatial information to analyse and produce 
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visualised tools, which will facilitate greater communication (Aouad et al., 2000). 
Consequently, this will allow CDM duty holders or the HSE envisage the information 
described and thereby formulate more informed decisions. The proposed approach will 
incorporate the following: 
 
 The development and use of an approach to enhance health and safety planning 
on the construction site through iterative technologies; 
 The use of an approach allowing various sets of information to be analysed during 
the various stages of construction for health and safety; 
 The use of an approach which, where possible, makes use of existing technologies 
available for the construction industry as this enables easier  uptake of 
technologies; 
 The use of an approach, which allows a graphical representation of the 
construction site factors or region factors in which a construction site is located to 
be viewed at various stages of the construction project for health and safety. 
 The use of an approach that provides the various CDM duty holder teams 
involved in a construction project or the HSE, with an interactive medium to plan 
and broker health and safety throughout the construction process. 
 
The proposed computer-based approach utilises each of the attributes derived from the 
conceptual framework to develop a novel approach for analysing and representing for 
health and safety information required during the construction planning process. In order 
to facilitate a dynamic computer system needed for health and safety information analysis 
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during the construction process, various processes required in the system were modelled 
using the Integrated Definition Language (IDEF) modelling methodology (Reiley, 1994; 
Aouad et al., 2001; Heesom 2004) (Figure 5.3). 
 
5.5.1 The Integration Definition for Function Modelling (IDEF) Process  
 
IDEF has been derived from a well-established graphical language known as Structured 
Analysis and Design Technique (SADT). IDEF-0 is the first release and the first attempt 
towards satisfying the above requirement. Other releases include IDEF 1 to IDEF 14. 
IDEF 1 to IDEF 14 are not pursued in this research as the aim of this section was only 
concerned with functional modelling process of the proposed GIS system which was 
sufficiently covered by IDEF0 through its oriented approach towards the functional 
aspects (providing a process description) of an application system. 
  
IDEF0 is a graphical modelling methodology developed for systems design and now used 
widely in manufacturing for activity modelling. The essential principle of IDEF0 is that 
complex systems can be described in terms of the activities performed in the system and 
in such a way as to expose detail progressively through a hierarchical decomposition. 
Moreover, IDEF0 can be used during the design of the system to initially define the 
requirements and specify the functions and then design and implementation a system that 
meets the requirements and performs the functions (Anon, 1993).  
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The notation system of IDEF-0 is based on simple box and arrows diagrams. A box (A0) 
represents a function or activity of the application or a description of “what happens” in a 
particular environment.  Arrows are used to link these boxes together and work as 
interfaces. Arrows can enter (Input, Control or Mechanism) or leave a box (Output) 
(Figure 5.4). External arrows represent the complete set of external boundary conditions 
of the subject as a whole, including access to mechanism support that supplies additional 
means of performance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4: IDEF0 
 
5.5.1.1 System Decomposition  
 
The advanced decomposition of the system processes presents the system functions, 
process description (Figure 5.5). The principal system function is the analysis of 
construction environment data from varied sources that include health and safety data, 
demographic data, climatic and spatial data and other non-spatial data. The health and 
safety regulations and the data formatting and classification are the mechanism on which 
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the inputted data would be worked on. The user and the GIS tool are the mechanism by 
which the design and implementation of the process is performed. The output of this 
process includes the provision of analysed health and safety information to users on 
accident trends and pattern analysis in form of accident density maps and reports showing 
changes in accident occurrences, statistical data on accident and the relationship to other 
factors in the construction environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5: IDEF0 A-0 Process Diagram for Proposed GIS Based Construction 
Health and Safety Information Analysis 
 
5.5.2 Description of the Main Processes within the Proposed GIS Based Health 
and Safety System 
 
The main function of the proposed GIS system is to collect, to classify and to analyse 
data related to accident occurrence to assess patterns of accident causation. Thus the main 
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identified processes are: data collection; data formatting and classification; data analysis 
processes and visualisation process of construction analysed data (Figure 5.6).  
 
5.5.2.1 Data Collection Process 
 
This process collects spatial information that includes topological maps; land use maps; 
administrative boundary type maps; aerial photos; rail and road networks maps and 
construction site geographical coordinates. Furthermore, the data collection process 
involves acquiring statistical data on construction accidents; location demographical data 
and climatic data. Information on health and safety laws was also collected during this 
process. Therefore, the primary functions of this process include the requests of data and 
information from the users and key data providers, collecting and storing of all data in 
data store bases.  
 
5.5.2.2 Data Formatting and Classification Process 
 
This process validates, formats and classifies all collected information into three major 
groups: spatial (digital format, geo-referenced and original data sets); non-spatial data 
(statistical and analogue type) and documentation (proposals, documentation, plans, text, 
etc) data. Validation in terms of data quality, its completeness, consistency and validity is 
also conducted. The formatting process consists on digital data conversion from binary 
and ERDAS *.lan format to ERDAS IMAGINE *.img format; maps scanning, digitising; 
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vector to raster conversion and geo-referencing process. A digitiser or similar device is 
used to convert a compiled map data to a digital form in order to make it computer 
compatible. This transformation allows the storage, retrieval, and analysis of the mapped 
data to be performed by the computer. Maps produced by a GIS are typically displayed 
on computer monitors or are printed on paper. For a GIS to accurately represent 
occurrences on the earth’s surface, data must be reliable, accurate, and pertinent. 
 
As a result of the success of the GIS, all decisions based on it ultimately, rests on the 
integrity of the data. Thus, the GIS must be capable of compiling, updating, and 
maintaining its data. Furthermore, statistical data on accidents, population, climatic 
conditions are classified and modelled in tabular spreadsheets and later arranged in entity 
relationship models. Thus the principle function of this process includes validation of 
provided information according to the system requirements (information and data format 
requirements); and the classifications of all received information to separate groups, 
within their format – maps, images, spatial data; non-spatial and documentation data 
stores. 
 
5.5.2.3 Data Analysis 
 
The main process of the proposed construction health and safety system is the data 
analysis process because it produces the main outputs of the system.
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Figure 5.6: Health and Safety Information Management Analysis Process 
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The main function of the process is to analyse available spatial and non-spatial 
information according to potential user requirements. The data analysis process identifies 
various algorithms performed at this stage and includes among others accident changes 
analysis and pattern recognition analysis. The data analysis is undertaken on both the 
spatial and non spatial related data. (see Chapter 7 for analysis) 
 
5.5.2.4 Visualisation Process of Construction Analysed Data 
 
This stage of the process involves visual creation of the analysed information. This 
entails the creation of varied maps and reports based on the user parameter and criteria 
requirements. The resultant maps and reports can thus be those that depict trends, patterns 
and relations, accident causation factors or variables. 
 
5.5 CHAPTER SUMMARY 
 
This chapter provided and discussed a three-phase generic methodology for the study. 
Based on the work reviewed in the previous chapters and the survey, and the limitations 
of current methodologies in analysing health and safety information usage in the 
construction process, a conceptual framework for the exploration and the  development of 
a health and safety analysis tool using GIS techniques was presented. Based on the 
conceptual framework, an approach was proposed and extensively discussed for the 
development of a system, allowing various types of construction health and safety 
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information analysis techniques to be performed and assigned. This chapter examined 
interactive dynamic construction health and safety data management, analysis and 
representation (visualisation) of the analysed data. One of the main focal points of the 
chapter was the development of a novel methodology for the analysis and utilisation of 
varied information in the construction environment for the construction health and safety 
planning outcomes. This technique allows the duty holders in the construction process to 
understand use of all health and safety factors influencing or affecting construction 
projects, thereby influencing decisions for the provision of resources in planning and 
construction. 
 
In order to evaluate the framework and the prototype based on the subsequent proposed 
approach, a user evaluation strategy was discussed. This strategy was based on an 
evaluation questionnaire, aimed to determine the opinions of construction professionals 
towards the system. This also assessed the ability of the prototype to successfully 
incorporate the attributes of the proposed framework. The following chapter discusses the 
implementation of the proposed the GIS-based health and safety system. 
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CHAPTER SIX: SYSTEM DEVELOPMENT OF THE 
GEOGRAPHIC INFORMATION SYSTEM ACCIDENT 
PREVENTION (GISAP) – CONCEPTUAL AND LOGICAL 
DATA MODELLING 
 
6.0 INTRODUCTION 
 
Based on the approach introduced in Chapter 5 for the development of a health and safety 
information analytical system, this chapter describes the design and development of a 
computer-based decision support system called Geographic Information System for 
Accident Prevention (GISAP). It was called GISAP because it is a GIS-based system that 
would enhance accident mitigation in the construction industry. The GISAP analytical 
system is designed primarily as an analytical system of related data collected from the 
HSE and other organisations or agencies in the UK to facilitate the analysis and 
identification of data types, key variables, and required database fields relating to the 
construction environment. Section 6.1 provides an overview of the GISAP analytical 
system component modules, including the integration of each of the modules in terms of 
their input and output. Section 6.2 describes the geographic location of the case study 
area in which the phenomenon under consideration was undertaken. Section 6.3 discusses 
the data collection and assembly and examines how data requirements were realised from 
the identified case study area. Section 6.4 describes the GISAP analytical system design 
including the development techniques of data modelling that include the conceptual, 
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logical, and physical modelling levels. A relational database is also specified as storage 
structures in the logical modelling level.  
 
6.1 GISAP ANALYTICAL SYSTEM COMPONENTS 
 
The GISAP analytical system comprises three main component modules (Figure 6.1). 
These components include: 
 a geographical processing module called the Spatial Database;  
 an information database management system (DBMS) module called the 
Monitoring Database; and  
 a visualisation module to represent the decision result in graphic format of 
various analytical procedures performed by the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1: The Main Components of GISAP Analytical System  
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A key consideration taken in the design of the GISAP analytical system was deciding 
which data to store in the Spatial Database module and which data to store within the 
Monitoring Database. In order to design a database structure that provided for maximum 
flexibility, the focus was to place as much data as possible in the Monitoring database, 
and to use the spatial database to store only data that was explicitly spatial. Thus, the 
initial data was captured or digitised and stored into the GISAP analytical system through 
either the Monitoring Database or the Spatial Database modules.  
 
6.1.1 Monitoring Database and Analytical Module 
 
This module consists of captured and classified documentary data such as accident 
related data, Health and Safety documentation and Regulations (CDM Regulations and 
Approved Code of Practice), climatic data, social, economic, and environment related 
data about the local authorities stored in a relational database. This module enables 
information exchange through the capture of data for analysis and can be exported or 
linked to the spatial database for further analysis and graphical representation (see section 
6.3.1 for sources of data and inputting process). 
 
6.1.2 Spatial Database and Analytical Module 
 
This module includes data stored directly within the Spatial Database of the GISAP 
analytical system and includes explicitly spatial data such as maps and the associated 
Chapter Six: System Development of the Geographic Information System Accident Prevention (GISAP) – 
Conceptual and Logical Data Modelling 
174 
 
attribute data. The spatial database of the GISAP analytical system maintains thematic 
maps of local authorities in vector and in raster format including related attribute data in 
relational tables. Attribute data is stored as relational tables with the key linked to their 
corresponding spatial units.  The functions of this module are implemented in Arc View 
GIS (see Chapter 7, section 7.1.2). The GIS software package also provides the user with 
analytical tools that can be used for independent or collaborative spatial analysis and  
include query, buffer, and geo-code tools that are used to create intelligent digital maps; 
querying for information or printing for presentation. The database management system 
(DBMS) within the GIS software package and the DBMS linked to the GIS allows users 
to store and retrieve non-geographic data linked with graphic features.  
 
6.1.3 Decision Visualisation Module 
 
This module acts as the interface whose purpose is to visualise or represent the various 
results on analyses of the GISAP analytical system on maps in text, 2D graphic format or 
reports. This function is normally performed within the Monitoring Database and the 
Spatial Database. 
 
6.2 DESCRIPTION OF THE GEOGRAPHICAL CASE STUDY AREA  
 
According to Burns (2000), a case study must involve the collection of very extensive 
data to produce understanding of the entity being studied. It is the preferred strategy 
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when ‘how’, ‘who’, ‘why’ or ‘what’ questions are being asked, or when the researcher 
has little control over events, or when the focus is on a contemporary phenomenon within 
a real life context. In a case study, the focus of attention is on the case in its idiosyncratic 
complexity, not on the whole population of cases. Thus, in this study the compelling 
factor in the selection process of the case study area (Metropolitan Borough of 
Wolverhampton) was that there was need to work with live data during the development 
of the proposed system.  
 
The Metropolitan Borough of Wolverhampton is located in the central part of the United 
Kingdom and is administratively composed of twenty one (21) wards (Figure 6.2).The 
attributes that compelled the selection of the Metropolitan Borough of Wolverhampton 
was that the area encompasses a major economic zone known as the ‘Black Country’, an 
area that has been earmarked by the government for major economic regeneration 
(Wolverhampton City Council, 2006). Economic regeneration, through increasing 
employment, encouraging business growth and investment, as well as tackling economic 
disadvantage has generally been a catalyst for increases in various construction activities 
in the region (ibid). Nearly £100 billion of public sector funding has been earmarked for 
the region over the next five years, of which £53 billion is related to economic 
development and regeneration, helping to transform the region (Advantage West 
Midlands, 2004). This has meant an increase in construction activities in the region. 
These construction activities in the region provided the rich nature of HSE information 
available for the area, an attribute which enabled it to be used to set up the template. 
Therefore, the Metropolitan Borough of Wolverhampton offered an ideal case study. 
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Furthermore, the selection of the area was key to ensuring that the results of the research 
provided sufficient understanding of the phenomenon under consideration (Williamson 
and Fourie, 1998).  
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Figure 6.2: Map of the Metropolitan Borough of Wolverhampton 
 
6.3 DATA COLLECTION AND ASSEMBLAGE 
 
The survey period of the research study spanned the years 1999 to 2006. Data in the 
identified conceptual model of the study area was also collected for the 7-year period. 
This length of time was deemed sufficient to discern any trends that might be apparent in 
the data. Data collection was a process of several factors, which were based on the 
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requirements of the GISAP analytical system. The limitations in the current health and 
safety analytical procedures (Chapter 3) also provided a framework to determine which 
data was to be collected. Traditionally, common data collection methods are interviews, 
surveys, document analysis, behavioural observation, visiting a state-of-the-art project, 
literature search, and others (Preiser, 1985). In the GISAP analytical system, data 
collected was primarily through document analysis and literature search and was 
categorised into varied datasets of attribute and spatial data and these are described in the 
following sections. 
 
6.3.1 Attribute Data Collection Category 
 
Attribute data category included the collection of historical accident information, 
demographic information, climatic data and health and safety regulation documentation. 
This collection was conducted by the researcher. Furthermore, the researcher also 
performed the inputting of this data into the system. 
 
6.3.1.1 Historical Accident Information 
 
Historical accident data sets were collected and collated from the HSE and this data 
provided a quantitative databank in which suitable analytical procedures were conducted 
and integrated with other data sets in order to represent the desired parameters. The HSE 
collects and collates all health and safety statistics in the UK (although this is not 
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spatially referenced). Therefore, they were approached with a view to collecting 
historical accident data for the chosen area of the Metropolitan Borough of 
Wolverhampton. The existing historical data collected was then collated as a means of 
designing input forms for the database (Appendix V). 
 
6.3.1.2 Population Census Information 
 
Information regarding the population densities in the various communities throughout the 
Metropolitan Borough of Wolverhampton was collected from the Central Statistics 
Office. This information was also collected and collated as a means of designing input 
forms for the database (Appendix VI).  
 
6.3.1.3 Climate Data 
 
Various data relating to the climate conditions of the Metropolitan Borough of 
Wolverhampton was collected from the Meteorological Office for the 7-year survey 
period. This data was data collected and collated from the Shawbury weather station 
which covers the collection of climatic conditions of the Metropolitan Borough of 
Wolverhampton. (Appendix VII).  
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6.3.1.4 Health and Safety Documentation 
 
Construction Health and Safety regulations and documentation relating to various safety 
management procedures such as for example the CDM Regulation, Approved Code of 
practice and the abstracts of the Health and Safety Act were also collected and formatted 
as a dataset. This included the CDM 2007 regulations and the accompanying approved 
code of conduct guidelines (Appendix VIII). This would allow the kind of accidents that 
have occurred in the construction industry relate to respective health and safety 
regulations. These documents are stored as word documents and are linked to the system 
through the spatial database and analytical module. 
 
6.3.2 Spatial Data Collection 
 
According to Miller (1999), there are four types of spatial data entry and conversion in 
GIS database development and these include: photogrammetric compilation and 
digitising using an analytical stereo-plotter; automation of existing maps using a digitiser 
or scanner; transfer of existing digital data and key entry of data. In collecting spatial data 
for the GISAP analytical system, data was collected through the automation of existing 
maps using a digitiser and/or scanner; the transfer of existing digital data and the keying 
in of data.  
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6.3.2.1 Automation of Existing Maps Using a Digitiser and/or Scanner 
 
Historical land use maps were sourced from the Wolverhampton City Council archival 
department. The obtained maps were scanned and inputted in the GISAP analytical 
system and ready for analysis with other related data. 
 
6.3.2.2 Transfer of Existing Digital Data 
 
Various files in a range of formats provided by Edinburgh University Data Library 
(EDINA)’s Digimap service were converted into GISAP analytical system software 
package coverages to form a base map of the Metropolitan Borough of Wolverhampton 
(Figure 6.3). Digimap is an EDINA service that delivers Ordnance Survey Map Data to 
UK Higher Education Institutions via the web. Parcel level information about land-use, 
geomorphology, transportation, facilities, economies and geology was obtained about the 
Metropolitan Borough of Wolverhampton and GIS maps were created with a 
corresponding geographic database describing the datasets. In the conversion and data 
input of files from Digimap, various operations were used and included graphic 
processing capabilities that allowed digitising and editing of maps or aerial photography, 
geo-database management that includes capabilities to input and manage non-graphic 
data associated with map features, and conversion tools to transfer files with different 
formats to shape files. Examples from Ordnance Survey maps imported are listed in 
Appendix IX.  
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The GISAP analytical system software package converted files from DXF format to 
shapefiles (SHP) and to add more information or attributes in the shapefile database. 
Shapefiles are a format that is recognised by the GISAP analytical system. It stores non-
topographical geometry and attribute information for the spatial features in a dataset. The 
geometry for a feature is stored as a shape comprising a set of vector coordinates.  
 
6.3.2.3 Manual Entry 
 
Location of accident occurrences was vital to the GISAP analytical system’s successful 
implementation. In identifying the location of accident occurrence sites, (national grid 
reference) coordinates were obtained using the Global Positioning System (GPS). The 
use of GPS within GIS is a very powerful tool as it enables users to gain spatial 
information about most parts of the world, at almost any level of detail (Kennedy 2002). 
GPS provides users with a convenient method for assigning and using absolute co-
ordinates and GPS allows the user to determine his position anywhere on the earth. Thus, 
the fieldwork involved the use of a GPS receiver to mark the 290 accident locations in the 
Metropolitan Borough of Wolverhampton. The accuracy of the GPS range was within a 
meter. The coordinates collected were combined with recorded accident data elements 
(such as the number of accidents involved or the weather conditions at the accident 
scene) in the Excel spreadsheet and Access database, which was then uploaded into an 
ArcView GIS shape file. These accident were then used in the GISAP analytical system 
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to identify problem areas and develop ways to assist in preventing accidents in these 
locations. 
 
6.4 GISAP ANALYTICAL SYSTEM DESIGN  
 
In designing the GISAP analytical system the various data types were modelled to 
facilitate a thorough representation and manipulation of information within the 
framework of a database system. The data modelling technique’s main objective was to 
determine the logical structures (models) of the GISAP analytical system. This is because 
the architecture of a system is based on the types of data models used and determines the 
constructs for storage, the operations for manipulation and the integrity constraints for 
controlling the validity of data to be stored (Nyerges, 1993). Data modelling for the 
GISAP analytical system was done at three levels: the conceptual level, the logical level 
and the physical level. During these activities the information that was important to the 
GISAP analytical system and how this information was to be obtained from the data was 
decided.  
 
6.4.1 Conceptual Modelling of the GISAP Database 
 
The conceptual data model is the first level of abstraction from reality and is concerned 
with analysing the information requirements, and once all requirements are collected and 
analysed the next step is to create a conceptual schema for the database using a high-level 
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conceptual model (Assefa, 1994; Pradhan, 1998). In the conceptual modelling process of 
the GISAP analytical system database, various entities that addressed the contents, 
specifications, relationships, and sources of data to be incorporated into the database were 
identified (Figure 6.3). The choice of these entities was generally based on the system 
requirements (Chapter 3). Therefore, this part explains the entities to be included and the 
relationships between the entities.   
 
The conceptual data model identified the main entities and their attributes. The entity 
relations were illustrated in an Entity-Relationship Diagram (Figure 6.3). The conceptual 
model illustrates various factors that can be abstracted from within the local authorities 
and these include construction project data, census statistical data, climatic condition, 
utilities, aerial photography, maps and data about transportation and geomorphologic 
data. In a GIS application, this phase involves deciding which terrain objects/features 
from the real world and their classification structure represented, the thematic, and 
geometric descriptions they should have in a database (Molenaar, 1998). The conceptual 
model of the proposed GISAP analytical system database was used to abstract the entities 
that are important for accident analysis/planning and the relationships among them. User 
data requirements, a detailed description of the data types, their relationships and 
cardinality constraints were described. The local authority was considered to be the 
spatial unit for which the data from various sources was collected.  
Figure 6.3 represents the conceptual schema of the database. During this phase the 
conceptual model of the region database was transformed from the high level data model 
and implemented using Microsoft Access software (see Chapter 7, section 7.1.2.3). 
Chapter Six: System Development of the Geographic Information System Accident Prevention (GISAP) – 
Conceptual and Logical Data Modelling 
184 
 
6.4.1.1 Enterprise Rules 
 
The following rules were set up to govern the set up of the GISAP analytical system 
database: 
1. A local authority has projects which have construction accidents 
2. A local authority has population categories 
3. A local authority has geomorphology which has topology  
4. A local authority has many socio-economic data 
5. A local authority has many utilities  
6. A local authority has a base map 
7. A base map has many other categories of maps 
8. A local authority has a weather station which records various parameters 
 
6.4.2 Logical Data Modelling Model of the GISAP Analytical System Database 
 
The logical data model was the intermediate level of data representation in which the 
GISAP analytical system database was designed, i.e. various storage structures were 
specified. It followed the conceptual data model and was completed when the database 
structure was chosen based on the detailed design of the conceptual model. There are 
different database structures which relate how the data are processed and stored in 
computer software such as hierarchical, relational, object oriented and network or record 
database structure (Benyon, 1990; Oloke 2003). In this study, the relational database 
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structure was chosen to form the logical data model design. Table 6.1 shows the 
comparative analysis conducted on the properties of each database structure. 
 
Table 6.1: Relational, Hierarchical and Network database Structures 
Source: Oloke (2003)  
 
Database Structure 
 
No Property 
Relational Hierarchical Network 
1 Entities Tables  Records Records 
2 Attributes Columns Field of Records Field of Records 
3 Relationship lists Foreign Keys Hierarchical tree 
Structure of 
records 
Network of 
Linked Records 
4 Access to/ 
Manipulation of data 
Relational 
implemented/ 
standardisation 
by SQL 
Programmatic 
(COBOL, etc.) 
  
Programmatic 
(COBOL, etc.) 
  
 
There were several reasons for the choice of the relational database over other 
approaches. The first one being the fact that a relational database mirrors the relational 
structure of the categories of the HSE accident records; the simplicity of capturing 
historical accident data from the HSE as forms and columns, the use of foreign keys (i.e., 
the attributes that help to define a relationship to an externally related table) to facilitate 
relationships between attributes of forms (tables); and the simplified access 
to/manipulation of data using relational Algebra/ SQL as opposed to programmatic 
languages (Oloke, 2003). Furthermore, Anumba (1996) had stated that relational 
databases are more widely diffused in the construction industry and can make sense of 
the Structured Query Language to allow complex searches. 
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Figure 6.3: GISAP Analytical System Conceptual Schema 
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The relational structure provides for individual entities to be stored within 2D tables 
whilst various relationships between tables can be derived (ibid). In addition, one of the 
principle requirements of the RDBMS for GISAP analytical system was the ability to 
connect easily with the spatial database queries and permit the development, integration 
of the queries in the two databases. These queries in turn enable the generation of up to 
date reports based on accident history information contained in the database. 
 
6.4.2.1 Entity Relationships  
 
In the relational database, logical data modelling represents a map of associations among 
entities in the GISAP analytical system conceptual data model through their entity 
identifier. There are various degrees of relationships between objects (Figure 6.4).  
 
Figure 6.4: Relationships between the entities in the conceptual model 
 
The entity modelling technique was employed to produce an initial Relational Database 
Management System (RDBMS) design of the proposed construction health and safety 
system and included the identification of entity types that were to be stored. The model 
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was developed as a schematic model showing the relationship between the entity types 
(Figure 6.5). The entity model was conceived and designed as an inter-relationship 
between seven (7) entity types within the database and was based on literature reviews 
and field investigations (Primary data gathering through field visits – accident location 
coordinates) pilot studies specifically, these entity types are: accident statistics, climatic 
statistics, demographic statistics, and health and safety regulations. 
 
The selected entities represent the objects within which pertinent data relating to health 
and safety information management could be stored. The transformation of each of those 
relationship degrees needs different methods depending on the classification of their 
relationship whether obligatory or non-obligatory. The results of the transformation are 
presented in the form of skeleton tables that contain the key attributes. The data model 
shows only the important attributes of entities, which represent entity association. The 
relations between entities that contain geometric data were performed by means of geo-
information processing. The basic skeleton tables of the proposed system, given in 
section 6.4.2.2, indicate attributes of the objects. 
 
The logical data modelling involves the normalisation of the Entity-Relationship diagram 
and the description of the skeleton tables. Normalisation involves: 
 eliminating repeating groups; 
 checking that all attributes depend on their (single or composite) identifier; 
 checking that there is no dependency between the attributes; and 
 checking that there is no hidden dependency between the attributes. 
Chapter Six: System Development of the Geographic Information System Accident Prevention (GISAP) – 
Conceptual and Logical Data Modelling 
 
189 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5: Conceptual Database Schema 
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Thus, each entity was normalised and the relationships between entities were established 
to ensure the referential integrity was enhanced. In order to develop an entity relationship 
(E-R) model, lines of dependence between the entity types of the database (at any point in 
time) were evaluated.  
 
6.4.2.2 Skeleton Tables 
 
The Entity-Relationship Diagram (ERD) describes many of the important features 
without showing the attributes associated. This additional information can be 
conveniently represented in the form of a set of fully normalised table types (Howe, 
1989). A skeleton table is a set of tables that shows entities with their corresponding 
attributes in normal form. It helps to transform the Entity-Relationship Diagram into 
computer compatible format, by mapping entities and relationships with their 
corresponding attributes in the forms of tables. Skeleton tables have identifiers and 
foreign keys. Identifiers are attributes whose values uniquely identify entities or 
relationships. The attribute whose value is uniquely identified in an entity is called a 
primary key for that entity. A primary key could be single if it has only one identifier and 
composite if it has two identifiers. 
 
The basic skeleton tables for the entities and their attributes in normal form of the 
proposed system are indicated below. The primary keys are bold and underlined. 
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Accidents [Accident ID, HSE_Rep_Yr, Month & Year, DD/MM/YY, Time, 
Ward, Site Location, Site Description, Occupation, Process, Kind, 
Gender, Age, Severity, victim name, place of residence, First 
language & fluencies, company name, contract or permanent 
employee, self-employed, employed by PC / Main sub-Contractor, 
sub contractor, other employed, salary, education & training of 
victim, Experience of victim, X and Y coordinates] 
 
Population [Local Authority, Census year, Ward, 0 - 4 yrs, 5 - 15yrs, 16 - 
24yrs, 25 - 44yrs, 45- 59yrs, 60 - 74yrs, 75 +yrs, Gender, economic 
activities, social considerations] 
 
Climatic Conditions [Month, TMAX, TMIN, TMEAN, HIMAX, DHIMX, LOMAX, 
DLOMX, LOMIN, DLOMI, HIMIN, DHIMI, SL30, SL100, 
DAIRF, DGRSF, DCNCF, TOTRN, MXRN, DMXRN, RNDYS, 
WETDY, DSNFL, DSNLY, DHAIL, DICE, DTHND, DFOG, 
DGALE, SUN, DLSUN] (see Appendix VII for  meaning) 
 
Documentation  [Kind, CDM regulations, Approved code of practice] 
 
Through a relational schema, the conceptual schema was mapped onto a relational 
instance. The tables were normalised to eliminate repeating groups and redundancy by 
creating additional tables from the main entities of the basic conceptual structure. After 
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defining the entities, their relations together with the attributes and domains as shown in 
the skeleton tables above, they were transformed into the ERD developed using MS 
Access DBMS (Figure 6.6).  
 
 
Figure 6.6: Logical data model to be implemented in the proposed system 
 
 
The key fields that are used to match the data in different tables, and thus provide a 
unique identifier, are the Month and Ward fields. The unique identifier Ward is then 
linked to unique identifier Ward in the attribute database of the Spatial database. 
 
6.5 CHAPTER SUMMARY 
 
This chapter provided a definition and an overview of the GISAP analytical system 
component modules, including the integration of each of the modules in terms of their 
input and output. It included the identification of the geographic location of the case 
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study area in which the phenomenon under consideration will be undertaken. The chapter 
also discussed the data collection and assembly procedures and examined how data 
requirements were realised from the identified case study area. In this chapter, the GISAP 
analytical system was designed and included the development techniques of data 
modelling that included the conceptual, and logical modelling levels. A relational 
database was also specified as a storage structure in the logical modelling level. The next 
chapter will describe the development of the system architecture in the physical 
modelling level.  
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CHAPTER SEVEN: SYSTEM DEVELOPMENT OF THE 
GEOGRAPHIC INFORMATION SYSTEM ACCIDENT 
PREVENTION (GISAP) – PHYSICAL DATA MODELLING 
 
7.0 INTRODUCTION 
 
This chapter describes the procedure followed for the implementation of the GISAP 
analytical system. The phase also forms the basis for the implementation of the prototype 
version of GISAP analytical system. 
 
Section 7.2 describes the GISAP analytical system design of the implemented system 
including the implementation techniques of data modelling that include the conceptual, 
logical, and physical modelling levels. It is in this section that the formalised conceptual 
model of the system was presented. Data flow in the GISAP analytical system was also 
discussed in this section.  
 
Section 7.3 details the design and development of the GISAP analytical system user 
interface, while Section 7.4 describes the operation of the system by giving the user an 
overall understanding of the workings of the system. Finally, Section 7.5 summarises the 
implementation of the GISAP analytical system. 
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7.1 PHYSICAL DATA MODELLING  
 
The mapping of data on to structures is called the physical data model or implementation 
model (Trujillo, 1994). This level in this study was intended to describe how the GISAP 
analytical system was to be implemented and was the last step in which the internal 
storage structure and file organisation were specified. Trujillo (1994), states that physical 
data models describe how data items are set in storage locations for eventual retrieval. 
This level thus dealt with system configuration: hardware devices (storage, display, etc.), 
file structures, access methods and location of data, which essentially is the 
implementation phase. In order to complete this phase the accomplishments of several 
operational tasks had to be reached. Thus, after designing the process and data model, 
this chapter mainly focused on the implementation of the GISAP analytical information 
system. The steps followed in the implementation of the GISAP Analytical System 
included the following: the selection of the type of database management system and the 
spatial database to be used from a large variety of software available in the market; 
establishing which module each of the database was going to be located; formatting 
spatial and non-spatial data; digitising maps and establishing compatibility between the 
various sources of information collected. 
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7.1.2 Software Requirements 
 
The choice of the specific applications for the implementation phase was one of a 
strategic nature. The intention was to choose specific applications that are most readily 
available and commonly used within the construction industry because the nature of 
information integration requires that all the stakeholders (in the construction industry) are 
set on the same infrastructure to allow for the required or intended flow of data. An 
evaluation of available GIS products was conducted to select the most appropriate 
packages for the GISAP analytical system. In the GISAP analytical system, the main 
software packages, ArcView GIS, Microsoft Access 2000 and Microsoft Excel/Word 
were selected as core software as these provide capabilities in geographic processing, 
database management system, spatial analysis and Graphic User Interface as well as 
having several enhanced plugs or extensions that add and improve functionality to the 
system. In this development, the software was selected to make it easy to move data from 
one component to another (i.e., between Access/Excel and ArcView GIS, or between 
Access and Excel/Word). 
 
7.1.2.1 Selection of ArcView GIS 
 
The requirements in selection of the GISAP products included the ability to compile area 
(site) based maps covering an affected area. In addition, the system also needed to have 
capabilities to manage a variety of other thematic layers. ArcView GIS was selected to be 
Chapter Seven: System Development of the Geographic Information System Accident Prevention (GISAP) – 
Physical Data Modelling  
197 
 
the development platform for GISAP through the following process. Searches on the 
Internet were performed to identify the potential software platforms. This search 
produced a list and descriptions of a number of software products, services, and vendors. 
After examining the resulting list, it was decided to narrow the list of candidates using 
several fundamental criteria such as functionality; data updating and integration; nature 
of expected output and the ease of maintenance.  
 
The chosen platform was to be a desktop package suitable for distribution to a wide 
community of end users (CDM duty holders), with a development language to support 
necessary customisation, and provided by a vendor with marketplace stability (to ensure 
that the selected platform would continue to be available in the future, preferably with 
enhanced functionality). The list of candidates was thus narrowed to three major desktop 
GIS packages: MapInfo (MapInfo), Maptitude (Caliper Corp), and ArcView GIS (ESRI). 
Subsequently, an outline criteria, which focused on the required functionality of the 
selected platform to support GISAP was prepared. According to Tomlinson (2003), some 
of the factors that play into selection criteria may include: cost, training availability, 
system capacity and scalability, system speed, system support, vendor i.e., the financial 
stability or position in the market. Some of these factors are given in Table 7.1. The 
capabilities and performance of all three options was similar in most respects. However, 
ESRI’s ArcView GIS was selected due to a combination of several factors. It was 
concluded that the vector format and powerful spatial analysis capabilities, together with 
an embedded relational DBMS provided a very powerful basis for a GIS. Additional 
benefits of the ArcView GIS as the main GIS application was also included the fact that it 
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is one of the most easily available and widely used commercial GIS package developed 
by Environmental System Research Institute (ESRI, 2006). 
 
Table 7.1: Criteria and functionality considered in GISAP software evaluation  
Adapted from: Tomlinson (2003) 
 
Criteria  Functionality 
General 
Functionality 
Cost and distribution; ease of training end users 
Functionality in updating data and cartography; import and export 
capabilities 
Data 
updates/Data 
Integration Ability to overlay multiple data(e.g land-use, accidents, facilities, aerial 
photos, weather data, etc) 
Queries Ability to perform logical queries (e.g high accident location, factor 
related accidents, subset of accidents on any field in the database at 
various county levels) 
Analysis Ability to identify historical trends, analysis of relationships in accident 
causation, e.g., site conditions, weather 
Output Ability to support reports, e.g. local area report, reports on 
frequency/location of any accident report form element, ability to 
support maps (e.g., maps of accidents in a given location) 
Maintenance  Ability to support system maintenance and to easily adjust for changes in 
the format of accident database 
 
Furthermore, ArcView GIS provides smart tools to capture and edit spatial data, which 
enables visualisation, querying and analysing of data spatially. As the main GIS 
application software packages, ArcView GIS, provides the operations of data input and 
conversion. These operations include graphic processing capabilities that allow users to 
digitise and edit maps or aerial photography, geo-database management that includes 
capabilities to input and manage non-graphic data associated with map features, and 
conversion tools to transfer files with different formats. As a desktop GIS application 
tool, ArcView GIS was utilised in this study because it provides a variety of data 
management and analysis capabilities. With its open architecture and live data 
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integration, users can bring all the GIS data into a single environment and turn it into 
valuable information. Its flexibility, scalability, and open standards deliver productivity 
gains for collecting and modifying data and speeding implementation of GIS databases. 
In addition, the selection of ArcView GIS also provides an opportunity to more readily 
make use of software upgrades and other improvements in technology.  
 
Furthermore, another advantage of ArcView GIS is ESRI’s extensive documentation and 
support for its products. For example, ESRI produces CD-ROMs, tutorials and learning 
guides for ArcView GIS. The other advantage of ArcView GIS it does not rely on it own 
proprietary programming language for scripting but can rely on scripting languages 
developed in Microsoft Visual Basic. Programmers using the other products considered 
in this selection need to learn the specific programming languages. In contrast, users 
already familiar with the nearly universal Microsoft Visual Basic can immediately begin 
writing programs with upgraded ArcView GIS. ArcView GIS also has the possibility to 
integrate a combination of self programmed and standard functions with user-interface 
elements into an application (extensions). 
 
7.1.2.3 Microsoft Access 
 
The Monitoring database of the GISAP Analytical System was organised by using 
Microsoft Access 2000, which is the most basic of the current versions of Microsoft 
Access software (Microsoft, 2007). The software was chosen because of its capabilities to 
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retrieve, store and query non-spatial/attributes information efficiently and can handle the 
relatively large data sets in database. This software allows enforcing key constraints and 
referential integrity constraints thus, guarding against errors in the database by ensuring 
integrity of the database. In the designed database, the properties of the desired data for 
each field are specified and if data with wrong properties is entered, it is rejected by the 
DBMS. The attribute tables can also be linked through a unique identifier i.e. primary 
key and foreign key concept. Microsoft Access also allows integration of different data 
formats e.g. Access Data base file can be converted to other formats like Arc View GIS 
database and Excel files. In addition, Microsoft Access possesses a powerful macro 
language that is essential if a menu driven interface is to be developed.  
 
7.1.2.4 Microsoft Excel 2000 and Word 2000 
 
Other basic forms of current Microsoft Office Software such as Microsoft Excel 2000 
and Word 2000 were also used in the input of accident data from various sources. 
Microsoft Word and Excel are very good data-editing tools, which were used in most 
data integration steps because they are user-friendly and easily create intermediate text 
based data formats. The software are utilised by the HSE in their collection and collation 
of historical accident data and are commonly used by all construction stakeholders in the 
analysis of data. By and large, each of the software components was selected for their 
ability to integrate with other components and construction industry uptake possibilities. 
It should also be noted that the software components selected can be easily upgraded as 
respective software updates are released. Above all, the software products selected for the 
Chapter Seven: System Development of the Geographic Information System Accident Prevention (GISAP) – 
Physical Data Modelling  
201 
 
GISAP analytical system accept ODBC as the Application Programming Interface (API) 
for database access and utilises Structured Query Language (SQL), as a database access 
language.  
7.1.3 Hardware 
Hardware is any physical device used as part of a computer system. Generally, the main 
hardware components include the processing unit and the peripheral unit. The GISAP 
Analytical System was designed using standard, off-the-shelf products already widely 
used. The system was to run under Windows 95/98/NT/2000/XP Operating System. For 
satisfactory operation, the software requirements of the system include the following 
specifications: Intel Celeron processor or compatible or higher specification; 1 GB of 
RAM; approximately 80 GB of hard disk space in addition to space required for storing 
large files in the system folder and a 15 inch monitor or more. The larger the monitor is, 
the better it is for seeing the visualisation and handling of the data therefore making it 
easily accessible for potential users. 
 
7.2. SYSTEM ARCHITECTURE 
 
Figure 7.1 shows the overall architecture of the GISAP analytical system. The system 
consists of a number of interconnected components and these are discussed in this 
section. 
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Figure 7.1: GISAP Analytical System Architecture 
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7.2.1 Local Authority-Specific Monitoring Data.  
 
The monitoring data for the Metropolitan Borough of Wolverhampton were stored in a 
separate Microsoft Access 2000 database file. Data could also be imported from 
Microsoft Excel or inputted directly into Microsoft Access using carefully designed data 
entry forms. Using Microsoft Access, all information was managed in a single database 
file. Within the file, data was divided into separate storage containers called Tables. Data 
could then be added and updated into a table using the online Forms. The structure for the 
GISAP monitoring database was designed to be simple and flexible. All categories of 
data related to an accident were stored in the same manner, making it easy to expand the 
structure in the future to accommodate additional, unanticipated categories of data. 
 
7.2.2 Local Authority - Specific Spatial Data.  
 
The spatial database for the Metropolitan Borough of Wolverhampton was designed to 
store a wide range of GIS data and is stored in a separate ArcView GIS project file with 
the associated data files. The project consisted of multiple Views, Themes and Tables, 
using any of the ArcView data types. At a minimum, the spatial database contains a 
theme identifying all of the accident locations referenced in the companion Monitoring 
Database or the Excel spreadsheet. As such, in the GISAP analytical system, the 
ArcView GIS project files correspond to the Access monitoring database file as well as 
the Excel spreadsheet. 
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7.2.3 GISAP User Interface 
 
Developed in Access 2000, this component provides a user-friendly interface to the data 
and functions of the GISAP analytical system. It provides the ability to view the GISAP 
data, to generate reports and, for administrators, to import data and customise the system 
and is written as a Visual Basic programme (Appendix X). This component allows the 
GISAP User Interface to communicate with ArcView GIS; it also connects all the reports 
and queries that are generated in the Monitoring database to the corresponding project file 
in ArcView GIS. 
 
7.3 DATA FLOW IN THE GISAP ANALYTICAL SYSTEM 
 
In the GISAP Analytical System, the Windows Open Database Connectivity (ODBC) 
standard was used to communicate between the Metropolitan Borough of 
Wolverhampton ArcView GIS project in spatial database and Access in monitoring 
databases, allowing the GISAP Analytical System to treat data in Access as tables in 
ArcView GIS. The ODBC is a widely accepted Application Programming Interface (API) 
for database access, which utilises Structured Query Language (SQL), as a database 
access language. ODBC allows maximum interoperability allowing a single application 
access to various DBMSs that share the same source code (Anon, 2007). 
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To achieve data flow in the GISAP Analytical System (Figure 7.2) the system 
automatically links data from the monitoring database with the appropriate theme in the 
ArcView GIS. This feature is critical to the integration of the spatial and monitoring data 
in the GISAP analytical system as it allows users to associate the location of specific 
monitoring sites on the ArcView theme with the corresponding records in the Access 
monitoring database.  
 
Thus the ArcView GIS software provides the capability to link to spatially referenced 
data stored within a relational database of the software. The GISAP analytical system’s 
spatial data and monitoring data are linked through the SQL-connectivity. Data can be 
imported into any ArcView GIS project using Arc View GIS’s Structured Query 
Language (SQL) connection feature. This feature allows users to query a database or 
spreadsheet using SQL and to store the returned records in an ArcView table. As a result, 
any data stored within a relational database (Microsoft Access) or spreadsheet (Excel) 
can be made available to the Arc View GIS very easily, as required. 
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Data Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2: Data Flow in the GISAP Analytical System 
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7.4 OVERVIEW OF USER INTERFACE MENU 
 
For designing of the user interface and forms, the switchboards in the Microsoft Access 
are used. The start menu was designed in a form as a switchboard page in order to add 
and edit data and visualises results in the form of reports and maps. The schematic 
representation of the flow of the user interface as implemented in MS Access is presented 
in Figure 7.3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3: Schematic Representation of the User Interface 
 
 
The GISAP Analytical System main user interface can be opened by double clicking the 
<switchboard> menu form in the list of Access database window, the introduction GISAP 
main menu is opened as shown in Figure 7.4. In the GISAP main menu the user has 
options of whether to proceed or close the menu by clicking < Exit> button thereby 
exiting Access. If the user decides to proceed, there are five options and includes aspects 
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such as the various dynamic parameters, reports and maps. 
 
Figure 7.4: GISAP analytical system main menu 
 
7.4.2 Dynamic Parameters 
 
Dynamic parameters are the inputs of the system and can be accessed by clicking the 
<GISAP database updater> button in the GISAP main menu (Figure 7.5). This opens in a 
window with various input parameters. Clicking on <accident statistics>, <climate> and 
<population> buttons in the GISAP database updater menu can access the dynamic 
parameters. Returning to the GISAP main menu is achieved by clicking the <Return to 
main> menu button. Clicking on the buttons in the <GISAP database updater> menu 
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opens various forms, for example Wlv_Accident_Main (Figure 7.6) of the MS Access 
monitoring database. Data in parameters can be added or edited in the forms and 
subsequently results can be shown in reports or maps. Queries are the main core part of 
the system where all analysis is done in between inputs and outputs of the system. 
 
Figure 7.5 GISAP Database Updater Menu 
 
Figure 7.6: MS Access Monitoring Database Forms 
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7.4.3 Report 
 
Generating reports is one of the outputs of the GISAP Analytical System. Each time 
parameters change in the forms, a query is run in the system and results are updated in the 
reports. The key function of this part of the system is the ability to generate simple 
tabular and graphical reports of the GISAP analytical system monitoring data. In the main 
user interface (Figure 7.4) reports can be previewed by selecting and clicking the < report 
> button option which opens the GISAP reports menu (Figure 7.7) from where the 
GISAP main menu users are able to select the report they want, and then either preview it 
on the screen, print it, or send it to a Word or Excel file for further analysis and 
formatting.  
 
Figure 7.7: Generating reports from the GISAP Reports Menu 
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Figure 7.8: Sample of the GISAP analytical system table generated in Excel 
 
Figure 7.8 shows a sample of the table from which a report is generated by the GISAP 
analytical system in Excel (see Figure 7.9).  
 
Reports in Excel and Word are generated by automatically combining data from the 
Access database with predefined Excel and Word formatting. In addition to sending the 
results to a Word or Excel file, choosing to send a report to Word or Excel also places 
predetermined formatting, such as headers, footers, text, graphs, calculations, etc. in the 
output file. 
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Figure 7.9: Sample of the GISAP Analytical System report 
7.4.4 Maps 
 
Maps are also outputs of the GISAP Analytical system. By selecting one of the Run 
ArcView options from the GISAP main menu (Figure 7.4) the user is provided with three 
options. The <Run Arc View> button provides the user with an opportunity to start a 
project from the start (Figure 7.10).  
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Figure 7.10: Running ArcView from GISAP analytical System User Interface 
 
The second Run Arc View, <Run GISAP Analytical System> also provides the user with 
the opportunity to run the system. Maps in GISAP Analytical System project open and 
users can automatically display the GIS data associated with the monitoring database 
(Figure 7.11). This option also provides a user with the prospect of conducting their own 
analysis based on the Monitoring database.  
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Figure 7.11 Running GISAP Analytical System ArcView from GISAP Extension 
Interface 
 
The last option involves the clicking of the <Run GISAP Analytical System with 
Queries> button. This option also leads to the opening of the ArcView window (Figure 
7.12) which illustrates various preloaded queries conducted in the system. All maps 
displayed in all the three options are generated and are based on user requirements. The 
results of maps are based on the changes completed in forms and the resulting queries of 
the data.  
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Figure 7.12: Running GISAP Analytical System ArcView GIS Menu with Queries 
from GISAP Analytical System User Interface 
 
7.5 GENERATING THE GISAP ANALYTICAL SYSTEM 
DATABASE 
 
The system implementation was aimed at translating the process and logical phases 
presented in Chapter 6 into user friendly outputs. Questions such as ‘‘what accidents 
occurred in a particular location of a local authority?’’ were considered in this section as 
sample products. The overview of the system implementation of sample products is given 
as shown in the functional layout (Figure 7.13). 
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Figure 7.13: Overview of the GISAP Functional System Layout 
 
7.5.1 Querying in MS Access 
 
Querying of non-geographical data in MS Access is done in this study. The select query 
utilises SQL in Access to show, for example, accidents that occurred between the years 
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1999 to 2006 and classified by occupation, severity, age, process, time, month, day and 
climatic conditions (Figure. 7.14 and Figure 7.15). 
 
 
Figure 7.14: Use of Select Query in MS Access 
 
 
Figure 7.15: Query in SQL Select 
 
Results of the above query can be given in the forms of table or report. Table and report 
are as shown in the Figure 7.16 and Figure 7.17. 
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Figure 7.16: Query Result in the Form of the Table 
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Figure 7.17: Query Result in the Form of Report 
 
7.5.2 Querying in ArcView GIS 
 
It is possible to query geographical and non-geographical data in ArcView GIS. For this 
purpose SQL connect function and ODBC that are provided by MS Windows 
2000/Windows XP are needed. As shown in the Figure 7.20, SQL connect is used to 
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abstract necessary data (queries created in MS Access database) which is to be linked 
with the graphical part and the resulting table is saved as a .dbf file in ArcView GIS. 
Results of the query of SQL connect is given as shown (Figure 7.18). Using ArcView 
GIS’s SQL connect feature, a connection to the monitoring database and the SQL query 
can be run to retrieve records. The records accessed become tables in the project. 
ArcView GIS would create a table containing the records specified by the user from the 
database. ArcView GIS stores the definition of the SQL query and not the records 
themselves. When a project containing a table is opened, representing the results of an 
SQL query, ArcView GIS automatically reconnects to the database to obtain the data for 
the table. Any changes in the database will therefore be reflected in the table and in any 
views, charts or layouts in which to use the data from the table. 
 
Figure 7.18: SQL Connect in Arc View GIS and Results of the Query of SQL 
Connect 
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7.5.2.3 Linking of Geographical and Non-Geographical Data 
All the required tables are uploaded into the view window Figure 7.19. The next step of 
implementation of the system is therefore, the linking of the results of the query of the 
SQL connect. To achieve this, there should be a common field in tables being connected, 
for example, Month&year and Ward. For joining of these three tables the JOIN command 
in ArcView GIS is used. An example of the result of the joining is shown in the Figure 
7.20. When joining tables in ArcView GIS, a one-to-one or many-to-one or one-to-many 
relationship has to be established between the destination table (for example, an attribute 
table) and the source table (for example, the table containing information to be joined into 
the attribute table). The table is active when the join is performed in the destination table. 
 
Figure 7.19: Uploading Tables into Arc View GIS Window 
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Figure 7.20: Linking Tables 
 
The next step of implementation of the system is to link geographical data and non-
geographical data. To achieve this there should also be a common field in both tables. For 
joining of these two tables the JOIN command in ArcView GIS is used again. A result of 
the joining is shown in Figure 7.21. After joining two tables (geographical and non-
geographical data) information such as accident distribution can be visualised in ArcView 
GIS. When joining a table to an attributes table, all fields of the table are appended to the 
attribute table. A join is based on the values of a field that can be found in both tables. If 
the GISAP Analytical System project table is the active table, this function extracts the 
records of accidents required from source table (Accident table), and adds it to 
corresponding rows of destination table (Climate table). The contents of the Climate table 
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changes to include attributes from the database table. While the database tables remain 
unchanged, Tables are joined basis if a field called key, which is available in both tables. 
This function extracts the records of accidents required from the accident table for each 
activity of project and adds it to corresponding rows of the population table. The content 
of the population table reflects these changes by including attributes from the database 
table, while the database table remains unchanged.  
 
 
 
Figure 7.21: Geographical Data in Arc View and Results in Arc View GIS showing 
Accident Distribution 
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7.5.2.1 Querying GISAP Analytical System Data 
 
In order to answer a question like ‘what accidents are located in Wolverhampton 
involving roofer falls from an unspecified height’, the query can be designed in ArcView 
GIS environment in Query Builder (Figure 7.22) and results are as shown in Figure 7.23. 
For this purpose the (spatial data) Query Builder is used in the ArcView GIS. The query 
expression is the precise definition of what is to be selected by the user. Building a query 
expression is a way to select features as an expression can include multiple attributes, 
operators and calculations. 
 
 
Figure 7.22: Querying in ArcView 
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The Query Builder can also be used to refine a set of features that have already been 
selected within the Query Builder. In this way one can narrow down the selected set or 
add additional features to it. Using the Query Builder to refine an existing selection of 
features is particularly useful when the initial selection was performed to on the basis of 
the location of features. In this way, features can be found on the map that meet certain 
user non-spatial, spatial and attribute criteria. For example, “how many accidents 
occurred that fitted the criteria: Kind – high fall over 2 metres, whose occupation was 
“Roofer” and the process which was going on when the accident occurred?” The result 
of such a query is illustrated in Figure7.23 and 7.24.  
 
Figure 7.23: Results and Graphical Visualisation of the Query in Arc View GIS (a) 
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Figure 7.24: Results and Graphical Visualisation of the Query in Arc View GIS (b) 
 
From the foregoing GISAP analytical system application procedures, it is clear that 
diverse “what if” scenarios can be forwarded to the system. Various factors in the 
construction environment can be filtered out for further analysis or related to other factors 
to see if any correlate. For example, Buffering around a feature which includes finding 
information about accidents that occurred within a certain distance of a particular feature 
(such as the railway station – see Figure 7.25 and 7.26), and the GISAP analytical system 
would select all accidents within the specified distance of the feature. 
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Figure 7.25: Buffer around a Specific Feature 
 
Figure 7.26: Buffer around a Specific Feature 
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Such a selection will enable the user to analyse only selected accidents within the 
specified distance, finding relationships that are apparent in the data or in relation to the 
features within the specified area. In the event that the user would like to have 
information about accidents that occurred in relation to all construction work conducted 
from a specific distance from, say, the railway line, the GISAP analytical system can be 
used to select all such accidents by buffering the railway line to a set distance, providing 
all the information about those accidents very easily and quickly (Figure 7.27) 
 
Figure 7.27: Example - Buffer around the Railway line 
 
The table view of the dataset shows a rectangular array with objects organised as rows 
and the attributes arranged as columns. This allows the user to see the attributes 
associated with objects at a glance, in a convenient form. These kinds of analyses are 
capable of revealing aspects that are not apparent or immediately visible or obvious. 
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7.6 CHAPTER SUMMARY 
 
This chapter described the implementation of the Geographic Information System for 
Accident Prevention (GISAP) and formed the basis for the implementation of the 
prototype version. In this chapter a description of the GISAP analytical system physical 
modelling process was conducted. The data flow in the GISAP analytical system was also 
discussed in this section. Furthermore, details of the design and development of the 
GISAP analytical system user interface were also discussed. The chapter finally describes 
the operations of the system by giving the user an overall understanding of the workings 
and application of the system. The next chapter discusses the evaluation of the GISAP 
analytical system. The aim of this evaluation process is to determine the usefulness of the 
GISAP prototype system. The objective of this process is to allow industry practitioners 
to feedback on the potential benefits of the system for application in accident prevention 
in the construction process.  
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CHAPTER EIGHT: SYSTEM EVALUATION ANALYSIS 
 
8.0 INTRODUCTION 
 
Based on the conceptual framework and the proposed approach, a system called the 
Geographic Information System for Accident Prevention (GISAP) analytical system was 
developed (Chapter 5, 6 and 7). The next stage in the research was to evaluate the GISAP 
analytical system. This chapter therefore outlines the method used in the evaluation of the 
GISAP analytical system.  
 
Section 8.1 discusses the aim and objectives of the user evaluation and discusses the 
evaluation and validation procedures. Section 8.2 discusses the GISAP analytical system 
evaluation methodology. Furthermore, this section discusses the general characteristics of 
the evaluators and structure of questions asked and process of evaluation. Section 8.3 
analyses the feedback and discusses the results of the user evaluation. Section 8.4 is the 
summary of the chapter. 
 
8.1 EVALUATION AND VALIDATION PROCEDURES   
 
In the development and implementation of a support system there is a difference between 
the process of validation and evaluation (Borenstien, 1998). During a validation, the 
proposed system is tested to establish whether it behaves in a manner representative of 
the real world. Validation of a system is therefore a process of applying formal methods 
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to ensure that the system design is achieving its intended functions correctly within pre-
established conditions (Heesom, 2004). 
 
Sommerlad (1992) states that evaluation is any activity that throughout the planning and 
delivery of innovative programmes enables those involved to learn and make judgements 
about the starting assumptions, implementation processes and outcomes of the innovation 
concerned. On the other hand, Borestien (1998) states that evaluation is a process of 
determining the overall value of the software system, including its usability and 
limitations. Obonyo et al (2005) emphasises this by suggesting that the objective of the 
user evaluation is to ensure that the prototype satisfies the performance criteria defined in 
the functional specification. Therefore, in this study two types of evaluation (formative 
and summative evaluation) were undertaken. The primary objective of the formative and 
summative evaluation was thus to determine the value and making sure that the prototype 
fulfilled the performance standards identified in the functional requirements. 
 
8.1.1 GISAP Analytical System Formative Evaluation 
 
Following Obonyo et al (2005), throughout the prototype development, there were a 
number of “in-house” evaluation exercises, which result in several modifications to an 
evolving prototype. This provides a method of redefining the prototyping process during 
the implementation phase ( ibid).  
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The formative evaluation process of the developed GISAP analytical system started from 
inception to completion focusing on the testing and evaluation of the GISAP specific 
components against their intended purpose as they were developed and involved various 
members of the University of Wolverhampton academic community. The formative 
evaluation process in this study was depicted as a spiral model in Figure 8.1. The 
evaluation strategy adopted was an adaptation of the method used by Bottcher and Suhl 
(1999) and Obonyo et al (2005).  Having established limitations and requirements in the 
utilization of construction environment information, a basic model necessary for effective 
information analysis was designed. This process included the design and integration of 
the spatial module and the monitoring module. The functionalities in these modules were 
packaged into an application that constituted the first GISAP analytical system prototype. 
Through subsequent evaluation, project planning, scenario variation and, some manual 
aspects of the first prototype were automated. This resulted in a prototype exhibiting the 
core analytical functionalities. 
 
The next step involved detailing a scenario for analysis of information in the prototype. A 
detailed GISAP analytical system, in which the prototype was packaged as an analytical 
system was developed. These processes assessed and illustrated the essential features and 
the operations of GISAP analytical system. After each stage of implementation a review 
of the system was carried out, and any necessary alterations and additions were made to 
the system which significantly improved its usability.  
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Figure 8.1: GISAP Analytical System Formative Evaluation Spiral Model 
Source: Adapted from Obonyo et al (2005) 
 
This was extended through further cycles of evaluation and refinement and this process 
undoubtedly revealed previously unidentified “bugs” in the system or technical problems, 
highlighted additional requirements for some of the operational sections, and allowed 
optimisation of the system. This process culminated in an operationally stable system, 
meeting the requirements for construction environment information analysis.  
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The following functions were evaluated during the formative evaluation of the system: 
 
i. Open Database Connectivity between MS Access and ArcView GIS database. 
ii. Access Query attributes extraction to ArcView GIS central database. 
iii. Correct processing within the central database in terms of schemas and logic 
relationships. 
iv. Correct numerical calculations. 
v. Database Queries – Access and ArcView GIS. 
vi. Data import and mapping to ArcView GIS tool. 
vii. Reporting. 
viii. Overall system integration 
ix. User Interface configurations 
 
8.1.2 GISAP Analytical System Summative Evaluation 
 
In order to determine the overall value (usability and limitations) of the implemented 
GISAP analytical system to the construction stakeholders, a summative evaluation was 
undertaken when the GISAP analytical system prototype was complete. A user evaluation 
conducted after implementation of a system could provide an evaluation of the general 
worth of the system (Boloix and Robillard, 1995). Whilst presenting the implemented 
prototype to academics and industry practitioners throughout the development life cycle 
(formative evaluation) is extremely beneficial (Aouad et al., 1997, Heesom, 2004), a user 
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evaluation (summative evaluation) of the final prototype system, by parties not involved 
in the origins of the system, enables confidence in the system to be determined 
(Borenstien, 1998). According to Borestien (1998) the two main objectives of 
undertaking a summative evaluation include: testing the applicability of the proposed 
system in accordance with possible users and assessing the impact of any assumptions, 
simplifications and methods used during the development.  
 
Consequently it was prudent, at this stage of the research, to undertake a summative 
evaluation technique in order to evaluate the usefulness of the GISAP analytical system. 
This enabled the aspects of the idealised system framework to be evaluated (Aouad et al., 
2000). The objective was to allow industry practitioners (CDM duty holders and the 
HSE) to feedback on the potential analytical benefits of the system for analysis of 
construction environment information in the construction process. Furthermore, through 
the feedback sessions, it was anticipated that the evaluators would provide evidence on 
how successful the implemented system had achieved the key attributes specified in the 
conceptual framework of the overall study (Heesom, 2004). The other objective for 
conducting the user evaluation of the GISAP analytical system was to assess if the 
intended users would analyse data such as that which would be encountered in practice, 
and to identify areas of weakness in the operations provided and in the style of interaction 
supported in the system. The user evaluation therefore analysed the effectiveness of the 
implemented tool in addressing the salient issues identified in the conceptual framework. 
During the evaluation, the opinions of the evaluators were requested on: 
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1. the ease of accessibility to the system; 
2. the ease of navigation within the system; 
3. the underlying accident information analytical procedures; and  
4. concepts implemented within the system and determining the overall value of the 
software system, including its usability and limitations.  
 
This chapter therefore presents the results of the evaluation strategy adopted to evaluate 
the usefulness of the GISAP prototype system. It was envisaged that the results would 
crucially highlight the opinions of construction practitioners on the ‘usefulness’, the 
‘impact’ and the ‘efficacy’ of the GISAP analytical system in enhancing construction 
environment information analysis for the prevention of accidents. 
 
8.2 METHODOLOGY OF THE GISAP ANALYTICAL SYSTEM 
SUMMATIVE EVALUATION PROCESS  
 
A non-probability sampling method was employed in order to select the evaluators of the 
implemented prototype. As opposed to the probability or random sampling method, non-
probability sampling does not claim to be fully representative and allows specific units to 
be selected. It was envisaged that the principle users of the implemented prototype would 
be CDM duty holders and the HSE. For this reason, a purposive sampling technique 
(Chapter 3, section 3.2) was employed during the user evaluation. The sample was 
predefined and subjectively chosen to be representative of the final user. 
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8.2.1 General Characteristics of Evaluators  
A focus group session and individual practitioner sessions were held as part of this 
evaluation. Ten (10) construction practitioners were approached to evaluate and gain 
qualitative insight into the implemented prototype software system (Table 8.1). These 
individuals were chosen based on their ability and experience within the construction 
industry. The group represented the potential end-users of the software. In addition, these 
individuals provided the foresight that assessed the potential business and functional 
benefits of the system for accident analysis usage. A total of six (6) people participated in 
the small group evaluation session and included: the CDM Coordinator/designers; 
Architect; Architectural Technician; Design Engineer; Design Supervisor and Proposals 
manager.  
 
Table 8.1: Details of Evaluation Participants 
Position Company Experience 
Focus Group 
CDM Coordinator/Designer Caephrius Ltd Architectural designer and 
health and safety 
Proposals Manager (Principal 
Contractor) 
Interserve Projects Ltd Managing and planning 
building proposals 
Architect Mike Coleman and Associates Building design and solutions 
Architectural Technician FTP Systems Ltd Civil engineering design  
Design Supervisor ADT Fire and Security Ltd Fire and security solutions 
Design Engineer - CAD engineering 
Independent One on One 
Client Representative University of the West of 
England 
Property development and IT 
expertise 
Client Representative University of central 
Lancashire 
Quantity Surveying, 
construction management and  
IT expertise 
Health and Safety Consultant Secretary – SCOSS Risk management 
Health and Safety Officer Health and Safety Executive Construction health and safety 
planning 
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The other four (4) participants were a mixture of university-based researchers with 
information technology and construction expertise and experts in construction industry-
specific health and safety management and represented the client; Health and Safety 
Consultant and the Health and Safety Officer. 
 
8.2.2 The Evaluation process 
 
The process of user evaluation started with various sessions at the beginning of December 
2007. During this period, six evaluation sessions were held on three dates in December 
2007 at various venues in Bristol, Manchester, Birmingham and Wolverhampton. As 
discussed in the evaluation protocol (Chapter 5, Section 5.5), each evaluation session 
comprised three categories. Initially, a presentation was given to explain the overall aim 
and objectives of the study, the outline of the aim and architecture of the system followed 
by a demonstration of its operation (Appendix XII). Subsequently, a practical exercise to 
allow the evaluators the experience of using the system ensued. During the practical 
session evaluators were able to see the controls and get a general overview of the 
interface. A series of GISAP tasks were devised in the evaluation for the evaluators to 
complete. After the introduction, a task sheet (Appendix XIII) was given to the evaluators 
that illustrated how to browse and conduct analysis. After each evaluation, a discussion 
about what had been accomplished and their experiences provided feedback on the feel of 
the system, with special attention to the problems that they encountered during the 
evaluation. Finally, a reflective or post-user questionnaire (Appendix IV) was completed 
to obtain feedback (Golombek, 1997). Evaluators were asked to answer each statement or 
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question in the questionnaire with their degree of support on a 1-to-4 ‘Likert’ Scale.  The 
degree of support -3 representing which was a neutral response was omitted in this scale 
to discourage uncommitted or neutral responses, thus, the value of 1 indicated complete 
agreement with the statement, a value of 4 indicated complete disagreement. 
Furthermore, evaluators were also asked to rank the importance on a Scale of 1-5 their 
perception of the system with 1 indicating the most important and 5 indicating the least. 
Evaluators were also asked to add general comments on the system. Additionally, 
throughout the sessions, informal discussions were held and recorded, whereby the 
evaluators provided feedback on the applicability of the prototype system in assisting in 
specific problems during their experience and other ways of improvement. Typically, an 
evaluation session lasted from 1 to 2 hours. Any problems uncovered, or areas that 
proved difficult to understand during the evaluations, were immediately modified so that 
it did not arise in the next session. This procedure followed each evaluation.  
 
8.2.3 The structure of questionnaire 
 
The reflective/post-user questionnaire was divided into three sections. The first section 
initially sought general information about the evaluator. In this section, information was 
obtained about the extent of evaluator’s knowledge of the underlying software packages, 
whether the evaluator conducted any form of safety information analysis in their current 
work or how often these analyses were conducted. The second part of the questionnaire 
focused upon the validated functions (Section 8.1.1) that allow information to be 
analysed and retrieved in the GISAP analytical system. As this is the primary purpose of 
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the system, the questions were developed to cover the main benefits that the system could 
provide users. Each question was designed with a specific intent. Finally, the third part of 
the questionnaire focused on the evaluator perception and potential improvements to the 
GISAP analytical system.  
 
8.3 FEEDBACK ON GISAP ANALYTICAL SYSTEM 
 
The evaluator feedback on the GISAP analytical was based on a combination of both the 
questionnaire and discussions during the evaluation sessions and those that followed after 
the sessions. The cumulative results of this evaluation process are presented in the next 
sections. 
 
8.3.1 General Information 
 
Initial information was obtained from each of the evaluators to determine the extent of 
knowledge of the evaluators with GIS and Access software. From the practitioners who 
took part in the evaluation, 70% had no knowledge of GIS or ArcView. A further 40% 
had no knowledge of Access. In addition, information was obtained from each of the 
evaluators to determine the current methods employed to analyse health and safety in the 
construction. It emerged that 50% carried out one sort of health and safety analysis or the 
other and some included the following: “risk analysis/method statements”, “Risk 
assessments”, “Using standard forms (templates) for health and safety”. Evaluators were 
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also asked about how often they formally utilised/analysed health and safety information 
(Table 8.2). 
 
Table 8.2: Formal Health and Safety Information Analysis Feedback 
 
Statement (Question) Never  Once for whole 
project 
Daily Weekly Monthly Other Do not 
know 
How often do you 
formally conduct 
health and safety 
information analysis 
for accident prevention 
during a construction 
project? 
1 1    3 5 
Percentage 10% 10%    30% 50% 
 
Some evaluators could not state for certain if they knew how often health and safety 
analysis was conducted in their organisations. Some evaluators stated that health and 
safety analysis was conducted occasionally or per project. Other evaluators encounter 
some aspect of health and safety only through surveys conducted during a particular 
project design. 
 
8.3.2 Usability Attributes 
 
Using the functions validated the ease of use of the implemented GISAP analytical 
system was evaluated, including an examination of the tasks undertaken. The quality of 
input data was tested by obtaining the evaluators responses to the usefulness of analysing 
construction environment data (Table 8.3). 
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The results demonstrate that the implemented GISAP analytical system was effective in 
providing analysed information for the construction process uptake. With regard to its 
functionality, the respondents rated the system as being effective at facilitating the 
analysis of construction environment information.  
 
Table 8.3: Usability Attributes Feedback 
 
Statement (Question) Strongly 
disagree 
Disagree Agree Strongly Agree 
Did you find the Open Database 
Connectivity between MS Access and 
ArcView database easy to do? 
  9 1 
Percentage   90% 10% 
Did you find Access Query attributes 
extraction to ArcView Central database 
easy to do? 
  9 1 
Percentage   90% 10% 
Is the system effiecient in conducting 
Database Queries in Access? 
  7 3 
Percentage   70% 30% 
Is the system effiecient in conducting 
Database Queries in ArcView? 
  8 2 
Percentage   80% 20% 
Did you find it easy to create maps?   8 2 
Percentage   80% 20% 
Did you find it easy to create reports?  2 6 2 
Percentage  20% 60% 20% 
Did you find it easy to export or import 
data to and from the database? 
  6 4 
Percentage   60% 40% 
In your opinion, does the GISAP 
efficiently represent the potential 
required analysis of health and safety 
in the construction industry? 
  4 6 
Percentage   40% 60% 
How user friendly is the GISAP 
Analytical System? 
  9 1 
Percentage   90% 10% 
How easy is it to perform tasks?  1 8 1 
Percentage  10% 80% 10% 
Can the user tailor the system to suit 
their needs? 
  8 2 
Percentage   80% 20% 
Is the user able to achieve their 
objectives? 
  8 2 
Percentage   80% 20% 
How effective is the interface for 
accessing GISAP data? 
  7 3 
Percentage   70% 30% 
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It was thought that the system is useful in the construction process and to the construction 
industry as a whole. It was also agreed that the system represents an improvement to the 
existing process, particularly in facilitating better integration between the existing 
information residing in various government and non government institutions. It was also 
seen as facilitating a common understanding for causation factors. A common line was 
that there was a great potential in the system being integrated with other information 
processes. 
 
8.3.3 Future Trends 
 
The evaluators were also asked to rank from 1(most important) to 5(least important) the 
usefulness and improvement to current health and safety processes of the GISAP 
analytical system. The results of this are illustrated below in Table 8.4. 
 
Table 8.4: Usefulness and Improvement of the GISAP Analytical System 
 
Statement (Question) 1 2 3 4 5 
How useful do you think the 
GISAP system would be to 
the overall construction 
process? 
2 4 2 2 0 
Percentage 20% 40% 20% 20% 0% 
To what extent does the 
GISAP system represent an 
improvement to the existing 
process? 
2 4 3 1 0 
Percentage 20% 40% 20% 20% 0% 
 
From Table 8.4 it is clear that most of the evaluators felt that the GIS system has great 
potential as a construction health and safety decision support tool. 
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8.3.4 General Comments 
 
A series of discussions were carried out during the evaluation process with the evaluators 
to gain further insight into their perception of the prototype. These discussions revealed 
various issues and aspects surrounding the implementation of the system. During the 
evaluation process, many suggestions for enhancements were given, which demonstrated 
a good understanding of the entire process behind the management aspect of the system. 
Another clue to the usefulness of the system was the desire of some of the evaluators to 
present the system to a wider audience at their places of work; the desire to seek further 
funding for further system development. These are discussed in the following sections.  
 
 8.3.4.1 Centralisation of Computing Resources and Expertise 
 
Some evaluators raised the issue of where the GISAP analytical system should be situated 
in an organisation. Some evaluators suggested that the user should be centralised within 
an organisation and as such a system’s use would not be that frequent. For instance, one 
user should be designated the “GISAP analytical system user” and all requests should be 
channelled through to him or her. Not only should the GISAP analytical system duties be 
centralised, so should the expertise.  
 
Furthermore, it was suggested that the central location of the GISAP analytical system in 
an organisation is better suited at Head Office as stakeholders at such offices would 
presumably have more control and access to data that would be needed for the GIS. Such 
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a location could be beneficial to the organisation since the GISAP analytical system 
requires more training, and takes more computing resources (i.e. faster computers with 
more memory, the purchasing of licences). The suggestions above were countered by 
other evaluators who felt that if the GISAP analytical system was installed at various 
desktop PCs, it would be widely available to other more members of staff. This in turn 
would enable an increase in the uptake and initial interest would generate much more 
interest. This would also adversely affect the users’ understanding of its capability and 
this would probably create some liking to it. 
 
8.3.4.2 Operability of the System 
 
A problem that the evaluators had was that when the report table windows were brought 
up, they overlapped the identifying results window. Since the identifying results window 
is always on top, some users were confused when they brought up a report table and it 
appeared behind the identifying results window. Furthermore some evaluators suggested 
that if there are less new windows open during an operation it would become less 
complicated as opposed to the present situation were a lot of windows open. 
 
The seamless operation between different systems enhanced the system and was 
commended as a very useful attribute. However, one issue that was raised by the 
evaluators was the capabilities performance of Access as the large amounts of data 
continue to be included. It was suggested that the system be rolled over on a larger scale 
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by using a larger RDMS like SQL server to enable more scalability and thus improve 
performance.  
 
8.3.4.3 GISAP Potential Use 
 
Evaluators also provided their perception regarding the other potentials of the GISAP 
analytical system and these included following: 
 
 Can potentially be used as an add-on to teaching/training GIS. 
 Increasing the number of fields in the database tables such as adding into the 
system cost for health and safety and projects costs. 
 The need for a system that could take into consideration foreign workers in the 
UK construction industry. This was a suggestion of the evaluator from the HSE. It 
was stated that little is known about the welfare of this category of construction 
workers. This is truer when such workers return to their countries of origin. If for 
example such workers contracted a long term illness (that becomes apparent later) 
or injury.  
 Furthermore, some evaluators suggested that the system provides an opportunity 
for the identification of construction companies whose workers have been 
involved in accidents. Through the analysis of information in the GISAP 
analytical system, it is possible for the HSE to flag up companies experiencing 
various accidents. Repeat accidents could easily be identified. Identification of 
such companies or repeat accident would enable the HSE monitor those 
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companies with repeat accidents which would in facilitate them (the HSE) to take 
appropriate actions and thereby mitigate further accidents in the process. 
 
Such comments by the evaluators reflect the potential benefits that the GISAP Analytical 
System can have in the analysis of varied information in the construction industry. This 
reinforces suggestions made by respondents in the survey (3.6) that such a media could 
provide a coordinated approach for drawing together a wide range of data sources under a 
single visually oriented umbrella allowing better understanding of data.  
 
8.4 CHAPTER SUMMARY 
 
This chapter has presented the results of the user evaluation strategy implemented to 
evaluate the ability and usefulness of the Geographic Information System (GISAP) 
analytical system. The evaluation was undertaken based on the protocol specified in 
chapter 5. Ten industrial practitioners in construction industry were used to evaluate the 
system. The evaluation were carried out in three (3) segments consisting of a 
presentation, a hands on’ user tutorial and a reflective questionnaire. The results of the 
user evaluation were positive and demonstrate that the main aims of the idealised 
framework proposed in Chapter 5 had been realised by the implemented prototype. 
Through use of specific questions, the practitioners provided an objective view of the 
software tool. In addition, the evaluators provided informal feedback on potential 
applications of tool based on their experience in the industry. Finally, based on the known 
limitations of the implemented system, potential future enhancements were presented. 
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From these, the evaluators provided a practitioner-based perspective on which of these 
would be most beneficial in attaining industry uptake of a system of this nature. 
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CHAPTER NINE: SUMMARIES, CONCLUSIONS & 
RECOMMENDATIONS 
 
9.0 INTRODUCTION 
 
In this final chapter, conclusions are drawn and major work undertaken in the study is 
summarised. Further avenues for research are also identified and discussed. 
 
Section 9.1 consolidates the chapter summaries from each aspect of the study. 
 
Section 9.2 outlines the principal contributions to knowledge and the construction 
industry. 
 
Section 9.3 discusses potential future directions for research in the area of GIS use in 
accident identification and analysis, while Section 9.4 provides the overall conclusion. 
 
9.1 CHAPTER SUMMARIES 
 
To provide a comprehensive conclusion to this study, it is necessary to briefly review the 
aim and objectives of this study. The review enables an assessment of the level of 
fulfilment of each objective. The conclusions of various phases of the study in this 
chapter indicated that the objectives of the study were reasonably realised. This research 
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had aimed to develop a methodology through the utilisation of the state-of-the-art 
technology for decision making in that would lead to accident prevention on construction 
sites. In the overall assessment, it is concluded that this aim has been achieved through a 
systematic implementation of the research. Four cardinal objectives were defined in order 
to realise the aim of the research and include: 
 
 Objective 1: To gain a better understanding of accident causation factors on 
construction sites.  
 Objective 2: To review developments in Geographical Information Systems (GIS) 
which can assist in the analyses of accident data. 
 Objective 3: To develop a stand-alone Geographical Information Systems (GIS) 
based tool which enables spatial and non-spatial analysis of construction 
environment related data.  
 Objective 4: to evaluate the potential for further development and exploitation of 
the analytical tools.  
 
A summary from all phases of the development of the GISAP analytical system is hereby 
presented. The summary examines findings from the: Literature review; survey, GIS 
capabilities review, system development methodology, the system development and 
implementation and user evaluation phase. 
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9.1.1 Summary from the Literature Review  
 
Findings from the literature review highlighted CDM regulations requirements. 
Furthermore, requirements set in the Health and Safety legislation highlighting duties of 
stakeholders (CDM duty holders and the HSE) in the construction process for ensuring 
that risk to health and safety of workers from work activities are properly controlled were 
revealed. The literature review revealed that the key issues to the identification of 
accident causation factors conducted are: to uncover and analyse the accident sequences; 
determine the causal factors; and find corrective actions that would prevent future 
accidents. After the hazards are identified and analysed, causal factors can be established. 
Based on the established causal factors, proper controls or corrective action procedures 
can be are developed.  
 
This literature review generated a number of important insights that explain the present 
status of the construction industry in the UK. From the review of existing literature, it 
was found that much of the expected health and safety outcomes are supposed to be 
integrated in the construction process. It is also clear from the review that the key issue at 
all the stages of the construction process is, as far as possible, to eliminate risks through 
careful design, substitution of hazardous materials, avoiding unsafe construction 
operations and or sequences, eliminating the necessity for elaborate works, etc. As safety 
problems at the various stages usually relate to several factors such as construction 
methods and sequences adopted; the adequacy of temporary works; the site management 
regime; weather conditions; human error; the safe handling of materials used in the 
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course of construction operations, safety problems can be addressed in a proactive way. 
The project team is required to raise potential safety problems early on so that issues are 
resolved.  Furthermore, the literature review also critically revealed the need for analysed 
information by the HSE in at various stages of the decision-making process such as 
strategic decision making, tactical decision making and indeed administrative decisions. 
Findings from the literature review reveal that currently there is a inadequate thoroughly 
analysed information on risk factors in the UK construction industry that could readily 
support dynamic decision making.  
 
From the review, it was also evident that various health and safety research work and IT 
systems development have been undertaken with the intention of identifying and 
understanding the root causes of construction accidents thereby ensuring health and 
safety regulatory compliance. The research works have identified limitations in the 
construction process and have tried integrating them in the construction process 
accordingly. However, despite these developments in health and safety systems, there 
still remain inherent limitations that limit effective construction accident and ill health 
risks factors identification and analysis in the construction industry. Current information 
management systems lack the capacity to adequately capture, store, analyse and present 
construction environment data for use in health and safety planning for accident 
mitigation. 
  
The findings in the literature review reveal that in order to achieve success, it was clear 
that health and safety information has to be conveyed between the various stakeholders in 
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the construction industry. There is also a need for thoroughly analysed information at the 
CDM duty holders’ disposal that would lead to robust health and safety outcomes for 
integration in the construction process (HSE, 2002;Whittington, 1992). Thus, the review 
in this phase of the research enabled an understanding of the causation of accidents in the 
construction industry and in turn fulfilled objective one (1) of the research. The outcome 
of this objective led to the subsequent development of a strategy for improving the 
system as envisaged. 
 
9.1.2 Summary from the Survey  
 
After the review of current health and safety procedures in the UK construction process, a 
survey was conducted as a means of ensuring feedback on the current utilisation of health 
and safety information in the UK construction industry. The aim of the survey was to 
allow for valuable input from CDM duty holders in the UK construction industry, 
collecting their views on existing health and safety information usage and storage 
procedures and exposing inherent problems associated with them. In achieving this, the 
study provided a means of understanding the practitioner’s (CDM duty holders) 
perception of existing systems and their expectations for new developments and 
identified shortcomings in the current practice. The survey also enhanced the need for 
and design of a system that met the CDM duty holder’s requirements. Furthermore, 
investigations conducted publicised the research and served to channel much-desired 
input and collaboration from the industry. 
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The survey outlined and discussed the preliminary results from an online survey of CDM 
duty holders on the factors of health and safety utilisation. The findings confirmed that 
many of the success factors for health and safety utilisation, which had been previously 
identified by the author, were indeed consistent with practitioner opinion. It was therefore 
reasonable to assume that the findings from the study reflected the reasonable judgement 
of CDM duty holders. It should also be emphasised that qualitative data from the survey 
was largely seen as an opportunity to inform the main study about the limitations on the 
current health and safety information utilisation. Bearing this in mind, the findings 
indicated that the majority of the respondents in the construction industry emerged with a 
relatively strong degree of commitment in terms of the need for construction environment 
information analysis. This exploration of the qualitative data was seen as a useful 
addition to the study validating literature regarding the limited utilisation of health and 
safety information. Thus the review on the integration of health and safety in the 
construction process and the pilot survey identified various limitations in current 
construction health and safety procedures went far in fulfilling objective one (1) (i.e. 
understanding accident causation from the CDM duty holder’s perception of health and 
safety in the construction industry). The findings also formed significant basis upon 
which the GISAP analytical system was conceptualised. 
 
9.1.3 Summary from the GIS Literature Review 
 
As a result of the need and requirements for a health and safety practice in the 
construction industry recognised in this study, it was envisaged that utilisation of 
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thorough analysed construction related information would yield a deeper understanding 
of causes of accidents thereby aiding in the revelation of the root causes of accidents. It 
was also envisaged that this could be realised through the utilisation of a decision support 
system. The decision support system was to comprise a class of information systems that 
drew on transacting processing systems and interacted with the other parts of the overall 
information system to support the decision-making activities for professionals in 
organisations.  
 
GIS was selected as a core platform on which to develop the decision support system for 
this study. Findings from the review of GIS revealed capture, storage, analytical and 
presentation capabilities that could fulfil the requirements identified in this study such as 
presentation of analysed information in formats that are easy to comprehend and the need 
to understand the dynamics of the accidents in a spatial context. The review also 
highlighted that through the use of GIS, accident occurrence could best be understood 
when it was considered in its spatial context. This is because accidents tend to occur in 
spatial and temporal settings, which may probably reflect the distribution patterns of the 
various risk factors and the interaction between the occurrence factors and the underlying 
geography. The GIS also provides the spatial dimension to the site (location) based -
related data. At-risk locations could be rapidly portrayed. From the review, it was also 
envisaged that using technological developments in GIS, historical construction 
environment data could largely be used to predict future accident trends thereby widening 
accident prevention efforts and offer spatial decision-support tools for health and safety 
management in the construction process. It was envisioned that utilising GIS capabilities 
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would also assist in the assessment and prediction of accident patterns and trend 
occurrence in the construction industry. Such procedures would thus, provide quick 
referencing GIS successes that would intuitively organise and display historical accident 
data for geo-spatial trend analysis. Thus, this review enabled the fulfilment of objective 
two (2) of assessing the potential capabilities of the GIS for the proposed analytical 
system. 
 
9.1.4 Summary from the Research Methodology 
 
The primary focus of this phase of the study was to present a robust research 
methodology leading to a proposed approach for the development of a tool that assists 
CDM duty holders and the HSE in the construction industry. The research methodology 
set up a platform on which objective three (3) (i.e., designing, development and 
implementation of GISAP analytical system) was fulfilled.  
 
The research methodology adopted in this study was based on a three (3) - tier approach. 
Based on the findings of the literature review and the survey, a conceptual framework for 
the development of a health and safety analysis tool was developed, highlighting the 
salient requirements for health and safety planning in the construction process. An 
approach was proposed and extensively discussed for the development of a system that 
allowed various types of construction health and safety information analysis techniques to 
be performed and assigned. This phase also examined construction health and safety data 
management, analysis and representation (visualisation) of the analysed data. These 
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techniques could allow duty holders in the construction process to utilise and understand 
health and safety factors influencing or affecting construction projects, thereby 
influencing decisions for the provision of resources for construction health and safety in 
the construction process. 
 
9.1.5 Summary from the Development and Implementation of Prototype System  
 
Based on the approach introduced in research methodology for the explorarion and 
development of a health and safety information analytical system, this stage of the 
research described the design and development of a computer-based decision support 
system called the Geographic Information System for Accident Prevention (GISAP). The 
software prototype was implemented using commercially available tools to provide 
specific bespoke solutions. The GISAP analytical system was designed as an analytical, 
data storage and presentation system of related data collected from the HSE and other 
organisations in the UK to facilitate the identification of data types, key variables, and 
required database fields relating to the construction environment. This process enabled 
the achievement and fulfilment of objective three (3). 
  
The research provided an overview of the GISAP analytical system component modules, 
including the integration of each of the modules in terms of their input and output. It 
included the identification of the geographic location of the case study area in which the 
phenomenon under consideration was undertaken. The development of the prototype 
system (GISAP) in the research also discussed the data collection and assembly 
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procedures and examined how data requirements were realised from the identified case 
study area. The GISAP analytical system was designed and included the development 
techniques of data modelling where the conceptual model of the system was formalised 
and described how data items where set in storage locations for eventual retrieval. This 
level dealt with system configuration: hardware devices (storage, display, etc.), file 
structures, access methods and location of data, which essentially was the implementation 
phase. These developments enabled the fulfilment of the objective development and 
implementation of a stand-alone GIS-based tool which enables spatial and non-spatial 
analysis of construction environment related data.  
 
9.1.6 Summary from the User Evaluation 
 
In order to evaluate the GISAP analytical system prototype and thereby achieving 
objective four (4), a user evaluation strategy was initiated. This strategy was based on an 
evaluation questionnaire, aimed to determine the opinions of construction professionals 
towards the system. This also assessed the ability of the prototype to successfully 
incorporate the attributes of the proposed conceptual framework. The user evaluation was 
chosen as the primary form of testing the effectiveness of the implemented system as this 
was beneficial in determining the overall value of the software, including its ability and 
limitations. The aim of this evaluation process was thus to evaluate the usefulness of the 
GISAP prototype system.  
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Through use of specific questions, the practitioners provided objective views of the 
software tool. In addition, the evaluators provided informal feedback on potential 
applications of tool based on their experience in the industry. Finally, based on the known 
limitations of the implemented system, potential future enhancements were presented. 
From these, the evaluators provided a practitioner-based perspective on which of these 
would be most beneficial in attaining industry uptake of a system of this nature. The 
findings from the user evaluation were positive and demonstrated that the main aims of 
the idealised conceptual framework proposed in Chapter 5 had been realised by the 
implemented prototype. With respect to the objectives of the evaluation, the practitioner 
feedback revealed that the overall effectiveness and potential of the GISAP analytical 
system in enhancing accident mitigation appeared to be very good. This in turn enabled 
the fulfilment of the research objective four (4) of evaluation of the potential for further 
development and exploitation of the analytical tools were various areas of potential areas 
of improvement were suggested. 
 
9.2 CONTRIBUTION TO RESEARCH AND PRACTICE  
 
During the completion of this study, contributions have been made to current knowledge 
and practice in the field of health and safety planning and analysis. These contributions 
are outlined as follows:  
 
• Identification of factors influencing the causation of accidents, the limitations 
and requirements in current health and safety management systems 
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Through this process various limitations (e.g fragmentation of information 
utilisation and volume of information) and requirements (e.g information analysis 
for utility at various stages of the construction process) were identified in research 
and current industry practice. Consequently, a conceptual framework was 
developed to highlight the limitations and requirements. The framework 
highlighted specific requirements (or attributes) which should be adhered to for 
the implementation of a successful system that utilises construction environment 
information for construction health and safety planning and management.  
 
• Providing a framework that encompasses GIS as a platform for enhancing 
the analyses of construction environment information for the mitigation of 
accidents  
 
The research provided evidence that utilisation of capabilities in GIS could 
enhance the analyses of construction environment information and understanding 
of various factors in the construction industry for the mitigation of accidents.  
 
• The implementation of an analytical system which utilises disparate 
information sources for health and safety management by various 
construction industry stakeholders 
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The contribution of integrating varied data set provides a baseline from which 
future improvements may be measured and gives an insight into the areas where 
future risk control measures and interventions may be best targeted.  Furthermore, 
the ability of the GISAP analytical system to integrate different and varied 
datasets to have a broader picture of what is happening geographically around a 
region creates a solid platform for predicting future accident trends and providing 
visual identification of potential accident spots, thereby providing a proactive 
solution to future accident prevention strategies.  
 
Integration of varied datasets also provides opportunities that could enhance the 
better understanding and targeting of construction safety programs, e.g., regional 
focused efforts, emphasis on hazardous trades, targeting offending companies, 
through the analysis of varied factors associated with them.  
 
The concept in this research provides reasonable and insightful results that can 
reveal clusters of dangerous locations, identify important relationships based on 
varied datasets thus, enabling the user to quickly formulate appropriate 
countermeasures or preventive in at various gateways (Chapter 2) in the 
construction process. Such steps enable the elimination of the risk of accidents 
and injuries on construction sites at various stages of the construction process.  
 
The GISAP analytical system concept in this study also provides a platform for an 
organised management and efficient manipulation of information to gain new 
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insights in the construction environment data (such as establishing spatial 
associations between accidents and other factors). The ability to map, monitor, 
update and query disparate information on statistics enables visual identification 
of potential problem spots at the various geographic scales that warrant greater 
study.  
 
The GISAP analytical system could also improved knowledge about the 
occurrence of accidents such as conditions of incident site, and frequency of 
incidents at any given location in a region. This type of tailor-made graphic 
information is useful to CDM duty holders and the HSE in identifying potentially 
dangerous (accident prone) locations when planning for development of new 
infrastructure, and also aids designers in choosing among different design 
alternatives. Finally, the outcome of this research has also enabled a system that 
captures, analyses and presents information for use in the construction industry 
and with continued industrial application, the data derived from the system would 
be useful for development of further research. The findings in this research have 
also opened up new grounds in construction health and safety research. 
 
9.3 RECOMMENDATIONS AND ASPECTS FOR FUTURE WORK 
 
The research has undertaken a critical review on accident causation, integration and 
information systems for information analysis for ultimate accident prevention. After such 
a review, a number of recommendations have been put forward and include: 
Chapter Nine: Summaries, Conclusion & Recommendations  
263 
 
• encouraging an environment where accessibility to accident information is made 
easier for organisations that need this information as and when they need 
information. Such access to information would enable duty holders make 
informed decisions based on sound information. Cooperation among all the 
stakeholders (CDM duty holders) should be encouraged because the problems of 
health and safety planning management are diverse in nature requiring 
multidisciplinary and combined effort from all concerned.  
• recommending that the HSE should play the critical role of disseminating in a 
format that is easy and ready to use by construction stakeholders during analysis 
of information.  
• the development of a methodology for accounting for foreign worker accidents 
and/or ill health after leaving the UK construction industry. This process can then 
highlight factors present during accidents involving foreign workers and possibly 
monitoring the workers welfare once they leave the UK. This will create an 
important wealth of information that is lacking at the moment in the industry. 
 
A lot of systems have been developed in construction industry. However, there is very 
little evidence that suggest any form integration of these systems in the construction 
industry. It is therefore recommended that:  
• further studies be conducted to establish the impact or dissemination of health and 
safety Information Communication Technology tools (ICT) in the UK 
construction industry. This would include studying the construction industry 
uptake of such ICT tools. This would also include a study in the use of GIS  and 
Chapter Nine: Summaries, Conclusion & Recommendations  
264 
 
its uptake in the construction industry as a  guide in decision making. 
 
This research has also developed a prototype (GISAP analytical system) system which 
improves health and safety information analysis for formulation of policies in the 
construction process, and assists in the avoidance of costly accidents that lead to injury 
and loss of life to workers. The research has demonstrated that the application of GISAP 
analytical system concept is indeed an essential contribution to the industry as this could 
assist the UK construction industry stakeholders in analysis of construction environment 
information for health and safety planning and management. In order to improve and 
enhance the use of the system in the construction industry recommendations have been 
made and include: system improvements and future research. 
 
9.3.1 System Improvements 
 
To improve the system the following propositions are made: 
 
• Communication and information flow  
Communication and information flow among the stakeholders should be 
encouraged. The output of the GISAP analytical system should be disseminated to 
the end users for example by extension services, workshops, reports and Internet. 
 
• Data sharing  
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Data sharing among various organisations in the construction industry and outside 
will not only strengthen the cooperation but will also reduce data redundancy, 
duplication and costs incurred in data collection and processing. Data sharing 
necessitates proper data documentation, quality control mechanisms and 
streamlining data sharing procedures. 
 
• Public domain  
It is recommended that the HSE provides information to the public domain about 
the accident victims or contractors involved in the accidents. It is recommended 
that this could be achieved by setting up the GISAP analytical system at various 
local authorities since the HSE already has infrastructure and personnel that 
updates accident statistics. This could alleviate the probable limitation in data 
acquisition. CDM duty holders could then subscribe to the HSE to have access the 
system for their databases. 
 
• Trained personnel 
It is also recommended that there is need for trained personnel to maintain the 
system who should be designated to perform several specific jobs or functions. 
These jobs include system management, database administration, and system 
analysis and operation. The complexity of the GISAP analytical system and 
sophistication of the applications dictate the level of skills of personnel needed. If 
it is required for the development and maintenance of application programs, 
system support, and problem resolution, the personnel with knowledge of 
appropriate programming skills are needed. Basic staff training could be 
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undertaken through a training program that includes online help use. Users 
finding trouble using the system could find coordinating resources (such as 
training manuals) online enabling users to become more self-sufficient. In the 
training programs, users could be encouraged to share expertise. This may 
involve teaching users how to work on the GISAP analytical system together. 
This may involve encouraging them to join support apparatus such as electronic 
mailing lists where they could ask questions and share answers. 
 
• Website with online training information 
Setting up a website with online information that can be periodically updated is 
also recommended. The information could include the user’s manual in online 
form, examples of how the GISAP analytical system can be used, and answers to 
commonly asked questions, as well as the most recent map/data downloads. It 
might also essential to include case studies in which users relate how they have 
dealt with certain situations. 
 
9.3.2 Future Research 
 
For further improvement of the system, several technical improvements are proposed to 
enhance usability and information management of the developed system. Thus, it is 
recommended to work in the areas that are summarised in this section: 
 
• Integration of GISAP Analytical System with Virtual Reality  
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Integration of the GISAP analytical system with Virtual Reality (VR) technology 
could greatly enhance the system (Manase et al., 2004). With the combination of 
3D representation in the GISAP analytical system and VR, it is possible to 
provide decision-makers with robust analytical tools to visualise accidents on site 
in real-time in the 3D GIS environment. The 3D representation modelling refers 
to the ability to make virtual worlds, using 3D computer models to give people a 
feeling of reality in the imaginary world. The goal would be to extend the GISAP 
interface with a 3D view correlated with the 2D information presented in Arc 
View. Within this extension, the user could able to navigate in real-time the 
photo-realistic 3D database and interactively query information in both two and 
three dimensions. Such integration would engender the analysis of accidents at a 
micro level, i.e., site level. It could provide real-time and realistic evaluation of 
spatial and temporal data to assist in risk assessment. This approach could further 
improve understanding of analyses and will enhance the handling of queries 
related to accident data, at the design stages. The prototype produced could then 
allow those concerned with site safety to build-up real world scenarios at the 
design stage and translate them into dynamic 3D simulations to assist in the 
identification of hazards and thus determine appropriate and effective preventive 
measures. In addition, users can also visualise and evaluate the results of a risk 
assessment in a 3D, which can facilitate better communication for all involved in 
the management of health and safety in construction.  
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Benefits from such a system could be wide-ranging, as it has the potential to be 
used by all those involved in the construction process. It can contribute to creating 
a working team to design out health and safety problems from the onset stages of 
the projects. It can also be used by a wide variety of stakeholders within the 
construction industry, which includes among others; designers to enable them to 
design projects that are safer to construct, maintain, renovate and demolish; 
managers to enable them to determine and thus manage hazards and their 
associated risks more effectively, estimators to enable them to include costs for 
appropriate safety measures, site operatives to raise their awareness of health and 
safety issues and insurance assessors to quantify the risk. This enhancement to the 
GISAP analytical system could undoubtedly improve the system for health and 
safety planning on construction sites. 
 
• Web-based GISAP Analytical System 
With developments in interoperability, the GISAP analytical system can be 
integrated into more mainstream enterprise applications, as well as web-based 
thin-client applications. Spatially enabling a website to include maps of high 
accident areas would be one example of the latter applications. This could be 
achieved by use of Java technologies to enable interactive web-based GIS 
applications, which connect to databases using JDBC (Java Database 
Connectivity). Another recommended development relates to the use of enterprise 
wide-open GIS technology that enables users to operate in a heterogeneous 
computing environment. Open GIS interfaces can provide transparent access to 
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distributed geo-data and geo-processing resources. GIS applications, CAD clients, 
3D/Imaging applications and other custom applications can work together and 
share and access data from different databases across different platforms.  
 
• Portable and Wireless GISAP 
The trend in computer hardware has indicated that more powerful computing 
capabilities are packed into smaller and smaller spaces. In the last decade, the 
physical size of the computers has become smaller, going from normal desktop 
units toward laptop and "notebook" units with equal power. Tablet PCs could 
provide more convenient and portable operations to GISAP analytical system 
users. The smaller size of computer hardware, together with better digital 
communications, gives the opportunity for a portable GISAP. Wireless 
technology could offer unrestricted data communication. With the tablet PC and 
wireless network, professionals can even finish operations on the site, such as data 
import and transport and spatial analysis. This could be more useful for site based 
users and more especially if the system is integrated with VR. 
 
• Intelligence GISAP 
Artificial intelligence can also become an important component of the GISAP 
analytical system. This could include techniques such as fuzzy logic, expert 
systems, neural networks, and learning systems. Natural language processing can 
also provide a GISAP with capabilities of better interaction with the user. More 
intelligent tools can be developed for better decision-making using GIS 
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technology. Advances in GIS, combined with the proliferation of commercially 
available digital data, can substantially broaden the analytical capabilities of 
professionals engaged in the process of health and safety information planning. 
 
• SQL-Client Server Approach  
A key function of the GISAP analytical system is management of the large 
volume of data typically generated in the construction industry. In order to 
enhance the operation of such a system, a client server approach must be adopted. 
This method involves storing data and DBMS software on a centralised server. A 
number of terminals connected via an ethernet network act as the front-end, which 
communicates with the server through SQL. The terminals do not need to operate 
with entire data files. If data is being entered, then only the data itself is sent. If a 
query is formulated, then the central computer processes the query and only sends 
out the requested data. In this way, the terminals act as “windows” to the 
information. Data integrity is easier to maintain with only one copy of the data 
files kept at a centralised site. The client-server configuration minimises network 
traffic and allows locking at the record level. As mentioned earlier, the approach 
would invariably enhance the operations of the GISAP analytical system, more 
especially that the system in intended for multi-users and intended to be 
distributed across various organisations. 
 
• Integration of GISAP with SPSS  
To enhance the performance of the GISAP analytical system, it is recommended 
to link the system with specialised statistical tools such as SPSS that will enable it 
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perform analyses such as regression analysis to find the degree of relationship 
between two or more variables. Other analyses may include cluster analysis, used 
to identify unusual groupings of phenomena such as accidents or disease that 
might be correlated with a source of, say, atmospheric pollution; and time series 
analysis, used to examine trends and periodicities in the nature of change of 
phenomenon over time. 
 
9.4 OVERALL CONCLUSION 
 
It is clear the review of literature in this study revealed that various accidents that have 
led to injuries and fatalities occur in the UK construction industry. It is for this reason that 
the study attempted to put forward a methodology for understanding the causation of 
construction accidents in the construction industry. After a critical review of the literature 
and survey undertaken in this study, it was revealed that stakeholders (CDM duty holders 
and the HSE) are faced with data and information constraints that affect optimal 
construction data analysis. Based on this revelation, it was suggested that effective 
utilisation of construction environment information would provide a comprehensive 
health and safety planning platform that would invariably mitigate the occurrence of 
accidents.   
 
Present in all information including construction environment information, is the spatial 
element. The study therefore sought to address the information utilisation constraints 
taking advantage of the spatial element in formation. Thus, an exploration in the 
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utilisation of capabilities in GIS (a spatial analytical process) for analysing construction 
environment information as a means for the mitigation of accidents in the construction 
industry was launched. This approach involved the collection, analysis and presentation 
of spatially referenced information from varied sources and utilised at various stages of 
the construction process for use by construction stakeholders and the HSE in their work 
(Chapter 5). The analysed spatially referenced information performed the new designed 
GISAP analytical system prototype provides key information necessary for decision-
making in construction planning and management issues for in the UK construction 
industry. 
 
From this study, the potential of the GISAP analytical system for enhancing the 
information accident analysis approach is very clear such as the integration the data 
provided by various organisations involved and hence, facilitate varied analysed 
information necessary for the successful construction health and safety planning. By 
integrating the construction environment data from disparate sources, the GISAP 
analytical system enables the analysis and understanding of factors that contribute to 
causation of accidents. In the GISAP analytical system, it is also possible for the user to 
interrogate the system about any aspect of its contents, and obtain immediate answers. 
Interrogation could involve pointing at the map or typing a question or pulling down a 
menu and clicking on some buttons or sending a formal SQL request to a database. The 
system also provides a means of obtaining up-to-date thorough reports of the accident 
profile across all construction activity. It allows the user to customise the output such that 
a variety of accident profiles can be investigated ranging from global analyses to drilling 
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down into the depths of the data in a specific area. By allowing data from disparate 
sources, thorough analyses of accident profiles can be undertaken considering industry 
sector, occupation, work process, agent, accident kind, age, climate etc. Furthermore, the 
system provides an opportunity to identify construction companies whose workers have 
been involved in accidents. Identification of such companies would enable the HSE 
monitor those accidents that would tend to occur more frequent in a particular company. 
Finally, it can be stated that this approach has the potential to provide a quick referencing 
GIS success that can link, organise, analyse and display accident data and other 
construction and non construction environment data. This can assist stakeholders in 
decision making during formulation of construction health and safety strategies. The 
approach can improve understanding of analyses and can enhance the handling of queries 
related to accident data and other data and thus enable the HSE take appropriate actions 
and thereby mitigate further accidents. This innovative approach can also offer an extra 
dimension of safety information management, identify trends and areas for effective 
accident preventive action and ultimately enable development and directions of future 
work and to engender wider debate. 
 
Overall, it can be concluded that the aim and objectives have been achieved through the 
systematic implementation of the research. The exploration that led to the development of 
the GISAP analytical system has proved to be a worthy and novel contribution to health 
and safety management. Better decision support in the construction process, in the HSE 
decision making process can now be possible as a result of the application of the GISAP 
analytical system.  
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APPENDICES 
APPENDIX I: Sampling Frame 
 
 
Member List of Civil Engineering Contractor Association (http://www.ceca.co.uk) 
 Region Name Website E-mail 
 Wales A B Construction & Groundworks Ltd   
a.bconst&gwltd@boltblue.com 
 Southern A H Nicholls & Sons Ltd   
ian@ahnicholls.demon.co.uk 
 Scotland A J Clark Construction Ltd www.ajclarkgroup.co.uk 
hazel@ajclarkgroup.co.uk 
 North East  Adenglow Ltd   
b.robertson@adenglow.fsnet.co.uk 
 Scotland Aggregate Industries Plc (Bardon Contracting) www.aggregate.com 
david.kirk@aggregate.com 
   Alfred McaAlpine Captial Projects   
david.rees@alfredmcalpineplc.com 
 Scotland Alfred McaAlpine Captial Projects www.alfredmcalpineplc.com 
mark.a.davies@alfredmcalpineplc.com 
   Alfred McaAlpine Captial Projects   
stuart.cameron@alfredmcalpineplc.com 
 North East  Alfred McAlpine Utility Service Ltd www.mcalpineplc.com 
jim.shields@alfred-mcalpine.com 
   AMEC Civil Engineering Ltd   lincoln.shields@amec.com 
 North East  AMEC Civil Engineering Ltd www.amec.com nick.daines@amec.com 
 North East  AMEC Construction Services www.amec.com 
paul.gott@amec.com 
 Scotland AMEC Group Ltd- Construction Services www.amec.com 
howell.james@amec.com 
   AMEC Group Ltd- Construction Services   
linda.dickson@amec.com 
 Wales Andrew Scott Ltd   
christine.pick@andrewscott.co.uk 
 North East  Ashby-Scott Project Ltd   
johndentasp@hotmail.com 
 Midlands AW Construction Plc www.awconstruction.co.uk ray.bell@awconstruction.plc.uk 
 Midlands Balfour Beatty Civil Engineering Ltd www.bbcel.co.uk 
cdenquiries@bbcel.co.uk 
   Balfour Beatty Civil Engineering Ltd   
ken.wood@bbcel.co.uk 
   Balfour Beatty Civil Engineering Ltd   
ken.wood@bbcel.co.uk 
   Balfour Beatty Civil Engineering Ltd   
mark.stannilands@bbcel.co.uk 
   Balfour Beatty Civil Engineering Ltd   
martin.white@bbcel.co.uk 
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 North East  Banner Contracts (Halnaby) Ltd www.bannercontracts.com 
bclhalnaby@aol.com 
 Yorkshire & Humberside Bardon Contracting Aggregate Industries UK Ltd www.aggregate.com 
richard.bird@aggregates.com 
 Midlands Bardon Cotracting www.aggregate.com 
brian.downes@aggregate.com 
   Bardon Cotracting   
chris.masters@aggregate.com 
   Bardon Cotracting   
richard.vine@aggregate.com 
 Midlands Barhale Construction Plc www.barhale.co.uk andy.flowerday@barhale.co.uk 
   Barhale Construction Plc   annmarie.mcmahon@barhale.co.uk 
   Barhale Construction Plc   
jeremy.james@barhale.co.uk 
   Barhale Construction Plc   nigel.taylor@barhale.co.uk 
 Yorkshire & Humberside Barrett Excavation Ltd   
michael@barrettexcavation.com 
 Wales Barry Cosslett Ltd   
office@barry-cosslett.co.uk 
 North East  Bethell (Construction) Ltd www.bethell.co.uk mail@bethell.co.uk 
 Yorkshire & Humberside Betterdrives Ltd   
info@betterdrives.co.uk 
 Midlands Birch Brothers (Kiddermasters)Ltd www.birch-brothers.com 
civils@birch-brothers.freeserve.co.uk 
 Midlands Birse Rail Ltd www.birse.co.uk 
helen.lee@birse.co.uk 
   Birse Rail Ltd   
sam.ryan@birse.co.uk 
 Yorkshire & Humberside Braithwaite Excavations Ltd   
rmbplant@btconnect.com 
 Yorkshire & Humberside Britcon Ltd www.britcon.co.uk 
frankhill@britcon.co.uk 
 North East  Brock Plc   aburns@brockcivil.co.uk 
 Midlands Buckingham Group Constracting Ltd  www.buckinghamgroup.co.uk 
mk@buckinghamgroup.co.uk 
 Yorkshire & Humberside C G Godfrey Ltd   
c.g.godfrey@btinternet.com 
 Yorkshire & Humberside C R Reynolds Ltd   
trevor@crreynolds.co.uk 
   C Spencer Ltd   
barry.thorp@cspencerglasgow.co.uk 
   C Spencer Ltd   
iancrow@constructionplus.net 
   C Spencer Ltd   
lucy.grierson@cspencerltd.co.uk 
 Yorkshire & Humberside Cairn Cross Civil Engineering Ltd www.cairncross.co.uk 
andybald@cairncross.uk.com 
 North East  CAL Solutions Ltd   
kelly@calsolutionsltd.co.uk 
 North East  Carillion Infrastructure Management www.carillionplc.com 
chayton@carillionplc.com 
   Carillion Infrastructure Management   
egboardman@carillionplc.com 
 Midlands Carillion Plc www.carillionplc.com jtswift@carillionplc.com 
Appendices 
290 
 
 Scotland Carillion Transport www.carillionrail.com 
andrew.g.stocks@carillionplc.com 
 South West Carnon Enterprises Ltd www.carnon-contracting.co.uk 
carnon@wheal-jane.co.uk 
 Scotland Castle Contracting   
alistair@castlecontracting.co.uk 
 North East  Centum Construction Services Ltd www.centum-cs.co.uk 
joseph.fitzgibbon@centum-cs.co.uk 
 Scotland Charles Brand Ltd   
nick.fletcher@lagan-group.com 
   Cheetham Hill Construction   k.myers@cheethamhillconstruction.co.uk 
   Clancy Docwra Ltd   
corfe.mullen@theclancygroup.co.uk 
   Clancy Docwra Ltd   
douglas.anderson@theclancygroup.co.uk 
 Midlands Clancy Docwra Ltd www.theclancygroup.co.uk 
kb.scotland@theclancygroup.co.uk 
 North East  Classic Masonry Ltd   
stone@classicmasonry.co.uk 
 North East  Cleveland Land Services (Guisborough) Ltd   
john@cleveland-land-services.co.uk 
 Southern Cliffe Contractors Ltd www.cliffecontractors.co.uk 
sheila.gates@cliffecontractors.co.uk 
   Clugston Construction   
peter.burrell@clugston.co.uk 
 North East  Clugston Construction www.clugston.co.uk 
rod.fry@clugston.co.uk 
 North East  Colas North  www.colas.co.uk 
john.jeffrey@colas.co.uk 
 Yorkshire & Humberside Coopers Civil Engineering Ltd www.coopercivilengineering.co.uk 
kenthurlow@coopersce.co.uk 
 Midlands Costain Ltd www.costain.com 
castleford.office@costain.com 
   Costain Ltd   
chris.tyerman@costainbce.co.uk 
   Costain Ltd   
julie.cady@costain.com 
   Costain Ltd   
marcelle.cater@costain.com 
 North East  CPS Cilvil Engineering Ltd   
stuartanderson@cpscivileng.com 
 Scotland Crummock (Scotland) Ltd www.crummock.com 
lee.thomson@crummock.com 
   Cumbrian Industrials Ltd   
jpallister@cumbrian-industrials.co.uk 
 Midlands Currall Lewis and Martin Construction Ltd www.clmconstruction.co.uk ejp@clmconstruction.com 
 North East  DCT Civil Engineering Ltd www.dct-civils.co.uk petergreenhalgh@dct.civils.co.uk 
   Dew Construction Ltd   fwilson@dewpitchmastic.co.uk 
 North East  Diamond Drilling & Cutting Ltd www.diamonddriller.co.uk ken@diamonddriller.co.uk 
 Yorkshire & Humberside Eastern Counties Contracting Ltd   
mark@easterncounties.demon.co.uk 
   Edmund Nuttall Ltd   
hagley@edmund-nuttall.co.uk 
   Edmund Nuttall Ltd   
mike.tweddle@edmund-nuttall.co.uk 
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   Edmund Nuttall Ltd   
newcastle@edmund-nuttall.co.uk 
 Midlands Edmund Nuttall Ltd www.edmund-nuttall.co.uk 
roger.bowley@edmund-nuttall.co.uk 
 North East  Eric Wright Civil Engineering Ltd www.ericwright.co.uk 
jeffc@ericwright.co.uk 
 North East  Frain & Harley Ltd   
frainandharley@zoom.co.uk 
 North East  Fred Mence (Construction) Ltd   fred.mence@btconnect.com 
 South West G A Doble (Civil Engineering) Ltd   
stross@worldonline.co.uk 
 Midlands Geoffrey Osborne Ltd www.osborne.co.uk 
david.bickerton@osborne.co.uk 
 Midlands George Law Ltd   george.law@stepnell.co.uk 
   Green Piling Ltd   
phil.bates@greenpiling.co.uk 
 North East  Greenbooth Construction Ltd   
greenbooth@btconnect.com 
 North East  H J Banks & Co Ltd www.hjbanks.com 
martin.kellerman@hjbanks.com 
   Hanson Construction Projects   
andrew.yates@hansonplc.com 
   Hanson Construction Projects   
brian.woods@hanson-aggregates.com 
   Hanson Construction Projects   
dave.ludden@hanson-aggregates-n.com 
 Midlands Hanson Construction Projects www.hansonplc.com 
denis.curran@hanson-aggregates-s.com 
   Hanson Construction Projects   
denis.curran@hansonplc.com 
   Hanson Construction Projects   
rick.green@hansonplc.com 
 Scotland Harry Lynch & Co Ltd   
harrylynchandco@aol.com 
 Scotland Henry Boot (Scotland) Ltd www.henryboot.co.uk   
 Midlands Hewlett Civil Engineering Ltd www.hewlett.co.uk sfirth@hewlett.co.uk 
 North East  Highway Construction Services Ltd www.highwayconstruction.co.uk 
br@highwayconstruction.co.uk 
 Yorkshire & Humberside HLS Contracting Services Ltd   
prh.hls@virgin.net 
 South West Hochtief (UK) Construction Ltd www.hochtief.co.uk 
keith.broughton@international.hochtief.de 
   Hochtief (UK) Construction Ltd   
phil.bailey@international.hochtief.de 
 Wales Hogan Construction Ltd www.hogan-group.com 
david.morris@hogan-group.com 
 Yorkshire & Humberside Holroyd Construction Ltd   
cdeighton@holroydconstruction.co.uk 
 Yorkshire & Humberside Houseman & Falshaw Ltd   
alan@housemanandfalshaw.co.uk 
 South West Hydrock Contracting Ltd www.hydrock.com 
janestanbridge@hydrock.com 
 Yorkshire & Humberside Insitu Technical Services Ltd   
robertbinns@insitu.fsbusiness.co.uk 
   Interserve Project Services Ltd   
kevin.frain@interserveprojects.com 
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   Interserve Project Services Ltd   
noel.evans@interserveprojects.com 
 Scotland J & J E (Construction) Ltd   
jjecontractors@btconnect.com 
 North East  J Kemp Ltd   john@jkempltd.fsnet.co.uk 
   J Murphy & Sons Ltd   
cannock@murphygroup.co.uk 
 Midlands J Murphy & Sons Ltd www.mruphygroup.co.uk 
dinnington@murphygroup.co.uk 
   J Murphy & Sons Ltd   
dinnington@murphygroup.co.uk 
 Wales J U Bowen (Construction) Ltd   
jeff@jubowen.demon.co.uk 
   Jackson Civil Engineering Ltd   
atuke@jackson-civils.co.uk 
 Scotland James Strang Ltd   
hrodger@james-strang.co.uk 
 Wales JDM Accord   
alwynwilliams@jdmaccord.com 
 North East  Jim Hastings Ltd www.jimhastings.com 
stuart@jimhastings.co.uk 
 Yorkshire & Humberside JKB Plant (Leeds) Ltd   
mike.dooley@btinternet.com 
   JN Bentley Ltd   
philip.bentley@jnbentley.co.uk 
 North East  JN Bentley Ltd   
sara.fowler@jnbentley.co.uk 
 Scotland John Gunn & Sons Ltd www.jgunn.co.uk 
j.gunn.sons@lineone.net 
 Wales Jones Bros (Henllan) Ltd www.joneshenllan.co.uk 
mark@joneshenllan.co.uk 
 Wales Kaymac Marine and Civil Engineering   
vicky@kaymacltd.co.uk 
 North East  Kennedy Asphalt http://bardon-contracting.com 
george.cunningham@aggregate.com 
 Yorkshire & Humberside Kim Barker Construction Ltd   
kimp@barker.cons.freeserve.co.uk 
 Southern Lafarge Contracting Ltd www.lafarge.com 
val.riches@lafarge.com 
 South West Laing O' Rourke Civil Engineering Ltd www.laingorourke.com 
btrinder@laingorourke.com 
   Laing O' Rourke Civil Engineering Ltd   
lhutchins@laingorourke.com 
 North East  Land Engineering Ltd   
admin@landengineering.co.uk 
   Land Engineering Ltd   
matthewbrannan@lakesengineering.co.uk 
 Yorkshire & Humberside LCR Highways Ltd www.ringway.co.uk 
lcrhighways@ringway.co.uk 
   M J Gleeson Group Plc   
m.robinson@mjgleeson.com 
   M J Gleeson Group Plc   
marketing@mjgleeson.com 
 North East  M J Gleeson Group Plc www.mjgleeson.com 
newcastle@mjgleeson.com 
   M J Gleeson Group Plc   
oredden@mjgleeson.com 
 Scotland Maclean-Ardgay Ltd www.macleanardgay.co.uk 
maclean@ardgay.fsnet.co.uk 
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 Scotland Marshall Construction Ltd www.marshallconstruction.co.uk 
jgseaton@marshallconstruction.co.uk 
 Wales Marton (Civil Engineering) Ltd www.martoncivilengineering.co.uk 
martin.chivers@martoncivilengineering.co.uk 
   May Gurney Intergrated Services Plc   
fgwaderi@maygurney.co.uk 
 Midlands May Gurney Intergrated Services Plc www.maygurney.co.uk 
marketing@maygurney.co.uk 
   May Gurney Ltd   
fgwaderi@maygurney.co.uk 
 Yorkshire & Humberside May Gurney Ltd www.maygurney.co.uk 
pbrack@maygurney.co.uk 
 North East  May Gurney Ltd www.maygurney.co.uk 
russelladams@maygurney.co.uk 
 North East  McClean Ltd   
mccleanltd@constructionplus.net 
 Scotland Mckean & Company (Glasgow) Ltd www.mckean-group.co.uk 
rlm@mckean-group.co.uk 
 Midlands McPhillips (Wellington) Ltd  www.mcphillips.co.uk mcphillips@mcphillips.co.uk 
 North East  Meadows Road Construction Ltd   
chris.mrcltd@btconnect.com 
 North East  Meldrum Construction Services Ltd www.meldrumconstruction.co.uk 
dave@meldrumconstruction.co.uk 
   Morrison Construction Services Ltd   
ewan.macdonell@awgcsl.co.uk 
 Midlands Morrison Construction Services Ltd www.awg.com 
guy.wilson@awg.com 
   Morrison Construction Services Ltd   
peter.heathershaw@morrisonplc.com 
   Morrison Construction Services Ltd   
steve.walsh@awgcsl.com 
 Wales Morrison Plc www.morrcon.co.uk 
david.jones@morrisonplc.com 
   Mowlem Johnston   
bill.taylor@mowlem.com 
   Mowlem Johnston   
bob.lorenzo@johnston-construction.co.uk 
 Midlands Mowlem Johnston www.mowlem.com 
jill.smith@mowlem.com 
   Mowlem Johnston   
nick.dickens@mowlem.com 
   Mowlem Plc   
brian.goodacre@mowlem.com 
 Midlands Mowlem Plc www.mowlem.com 
charlie.price@mowlem.com 
   Mowlem Plc   
janita.gardner@mowlem.com 
   Mowlem Plc   
mike.taylor@mowlem.com 
   Mowlem Plc   
pclay@mowlem.com 
   Mowlem Plc   
peter.samuel@mowlem.com 
 Wales MWT Civil Engineering Ltd   
mike@mwt1.fsnet.co.uk 
   North Holst Construction Ltd   
barry.griffiths@norwest.co.uk 
   North Holst Construction Ltd   
martin.carroll@norwest.co.uk 
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   North Holst Construction Ltd   
roger.bellamy@norwest.co.uk 
 Midlands North Midland Construction Plc www.northmid.co.uk 
dc@northmid.co.uk 
   North Midland Construction Plc   
mike.thornett@northmid.co.uk 
 Scotland Norther Construction Services   
jack@ncs-eng.com 
 Southern Nuttall John Martin www.edmund-nuttall.co.uk 
dcraft@jmcl.co.uk 
 North East  Perchworth Construction Services Ltd   
perchworth@stocktonontees.net 
 Yorkshire & Humberside Peter Duffy Ltd www.peterduffyltd.com 
info@peterduffyltd.com 
 Yorkshire & Humberside PHI Group Ltd www.phigroup.co.uk 
hookstone@phigroup.co.uk 
 Scotland PLPC Ltd www.plpc.co.uk dale@plpc.co.uk 
 North East  Premier Traffic Management Ltd www.premier-traffic.co.uk bmoist@premier-traffic.co.uk 
 Wales Quantum (Great Britain) Ltd   
jgoodfellow@quantum-gb.co.uk 
 Scotland R J McLeod (Contractors) Ltd www.rjmcleod.co.uk 
jcorser@rjmcleod.co.uk 
 Yorkshire & Humberside R Stannard (Macadam) Limited   
ray@stannard.karoo.co.uk 
 North East  Rainson Construction Ltd   
dave.rainton@sheal.co.uk 
 Southern Ringway Highway Services Ltd www.ringway.co.uk 
petheridge@ringway.co.uk 
 North East  Ringway Highway Services Norhtern Ltd www.ringway.co.uk 
msims@ringway.co.uk 
 Scotland Ritchie Bros (Scotland) Ltd www.ritchiebros.co.uk 
jhr@ritchiebros.co.uk 
 Southern RKB Construction    
richard@rkbconstruction.fsnet.co.uk 
   RMC Surfacing Ltd   
jeff.glasspoole@rmc.co.uk 
 North East  RMC Surfacing Ltd www.rmc.co.uk 
richard.butterfield@rmc.co.uk 
   RMC Surfacing Ltd - Central   
graham.pack@rmc.co.uk 
 Midlands RMC Surfacing Ltd - Central   
richard.butterfield@rmc.co.uk 
 Midlands RMC Surfacing Ltd - South West www.rmc.co.uk 
ken.tredgett@rmc.co.uk 
 South West RMC Surfacing Ltd-Major Project www.rmc.co.uk 
richard.butterfield@rmc.co.uk 
 Southern RMC Surfacing Ltd-south East www.rmc.co.uk 
alan.macey@rmc.co.uk 
 South West RMC Surfacing Ltd-South West www.rmc.co.uk 
ken.tredgett@rmc.co.uk 
 Scotland Rocklift Ltd www.murphygroup.co.uk   
 North East  RTM Group Services Plc www.rtmplc.co.uk 
tom.brown@rtmplc.co.uk 
 North East  Seymour (Civil Engineering Contractors) Ltd www.seymourcec.co.uk 
cshort@seymourcivil.co.uk 
 North East  Sherburn Construction Ltd   
chrisa@sherburngroup.co.uk 
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 North East  Sillars (B&CE) Ltd www.sillarsbandce.ltd.uk 
grahamr@sillarsbandce.ltd.uk 
 North East  Sillars Road Construction Ltd www.sillars.co.uk 
charlesnorth@sillars.co.uk 
 North East  Southbay Civils Ltd   
gg@southbaycivils.co.uk 
 Southern Southern Construction & Surfacing Ltd   
jeff@southernconstructionuk.com 
 North East  T P Clark Groundworks Ltd   
gillian.clarke4@btopenworld.com 
 Midlands Tarmac Ltd www.tarmac.co.uk 
basil.larter@tarmac.co.uk 
   Tarmac Ltd   
mgarland@tarmac.co.uk 
   Tarmac Ltd   
mmcandrew@tarmac.co.uk 
   Tarmac Ltd   
nigel.holpin@tarmac.co.uk 
   Tarmac Ltd   
roy.diduca@tarmac.co.uk 
 Midlands Tarmac Ltd - National Contracting   
mike-elford@tarmac.co.uk 
 South West Tetlaw Contracting Co Ltd www.tetlaw.com 
mike@tetlaw.com 
   The Alston Limestone Co Ltd   
birtley@alston-limestone.co.uk 
 North East  The Alston Limestone Co Ltd www.Alston-Limestone.co.uk 
s.lumb@tarmac.co.uk 
 Midlands Thorntask Ltd www.thorntask.com 
sdownes@thorntask.com 
 North East  TM Ward (Darlington) Ltd   
tony@tmward.co.uk 
 North East  Todds Highway Maintenance Ltd   
bobcat@djtodd.fsnet.co.uk 
 Southern Trackwork Ltd www.trackwork.co.uk 
bill.pownall@trackwork.co.uk 
 Scotland Tulloch Civil Engineering Ltd www.tulloch-group.co.uk 
kenneth.cameron@tulloch-group.com 
 Scotland Turriff Contractors Ltd   
david.morrison@turriffcontractors.co.uk 
 Midlands UCS Civils Ltd www.ucscivils.co.uk 
mark.murphy@ucscivils.co.uk 
 North East  V J Donegan & Co Ltd www.donegan.co.uk rita@donegan.co.uk 
 North East  Volker Stevin Ltd www.volkerstevin.co.uk 
hargenot@compuserve.com 
 Scotland W J Harte Construction Ltd www.wjharte.co.uk 
acarr@wjharte.co.uk 
 Wales Walters UK Ltd www.walters-group.co.uk 
dthursfield@walters-group.co.uk 
 Midlands Waystone Ltd www.waystone.co.uk stuart.mcloughlin@waystone.co.uk 
 North East  Wearmouth Construction & Plant Ltd   
alan@rawearmouth.co.uk 
 North East  Westshield Ltd www.westshield.co.uk 
patrick.waldron@westshield.co.uk 
 North East  Whitehart Developments Ltd   
debbiereadman.whitehart@virgin.net 
   Wrekin Construction Co Ltd   
dennis_o'neill@wrekin.co.uk 
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Appendix II: On-line Survey – Utilisation of Health and Safety Information 
My name is David Manase and I am a research student from the University of 
Wolverhampton undertaking a PhD research project entitled Accident Prevention on 
Construction Sites: Towards an Analytical Approach. The purpose of the research is to 
provide a quick referencing GIS approach that would intuitively organise and display 
historical accident data for geo-spatial trend analysis. 
This questionnaire is for user needs assessment of GIS-Accident Prevention Information 
System in the UK construction industry:  
• To identify users of GIS-Accident Prevention modelling Information system  
• To assess user needs of GIS-Accident Prevention modelling in the UK 
construction industry 
• To identify the type and quality of information mostly required by users  
This on-line questionnaire will take approximately 10 to 15 minutes to complete. I would 
be most grateful if you would choose to be involved. You may leave blank any questions 
you do not wish to answer. I guarantee that responses in this survey will not be identified 
with you or your organisation, but shall be reported only in the aggregate. The 
information hereby obtained is therefore strictly confidential and shall be for academic 
purposes only. Please indicate your answer by clicking on the appropriate answer(s) or 
fill in the space provided where appropriate.  
 
1) What is your occupation? 
 
   
 
2) What sort of health and safety analysis do you carry out when undertaking your 
work? 
 
   
 
3) Does your organisation any form of health and safety data/information? If no, 
please proceed to question 4. 
 
Yes   
No   
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4) If Yes for question 2, what kind of health and safety information? 
 
Accident Statistics   
Accident causation factors   
Health and Safety Regulations   
Other (Please Specify): 
    
 
5) For what purpose do you use health and safety data/information? 
 
Construction Estimating  
Health and Safety Planning  
Accident Analysis  
Health and Safety Training  
Other (Please Specify): 
    
 
6) Where do you get the health and safety data/information? 
 
Health and Safety Executive  
The Internet  
Published Work  
Health and Safety Specialist Firms 
Other (Please Specify): 
      
 
7) In what form do you receive the health and safety data/information? 
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Map (Digital)?    
Map (Analogue)?    
Statistic data?    
Tables?    
Reports?    
Other (Please Specify): 
    
 
8) How is health and safety data stored? 
 
Filed away,    
Stored on computer,    
CD    
Other (Please Specify): 
    
 
9) How is health and safety data used for future purposes? 
 
Health and Safety Analysis  
Reference   
Training   
Other (Please Specify): 
    
 
10) Does your organisation share health and safety data/information with others? 
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Yes   
No   
 
11) If Yes, with whom? 
 
Consultants,    
Clients,    
Competitiors,    
Other (Please Specify): 
    
 
12) What is the purpose for sharing health and safety data/information? 
 
Costing   
Health and Safety Planning   
Accident Analysis   
Training   
Other (Please Specify): 
 
 
 
13) Do you think the analysis of health and safety information for accident 
prevention and planning in the construction industry is effective? 
 
Yes   
No    
 
14) Please briefly explain your answer in question 13 
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15) Do you think the ability to analyse health and safety data/information; e.g. 
identifying patterns in accident occurrence in some cases can enhance your work?  
 
Yes   
No   
 
16) Please briefly explain your answer in question 15 
  
 
17) Do you think the provision of a tool that provides relational links between 
different streams of health and safety data -(HSE Data, Central Statistical Data etc) 
would enhance the analysis and planning of health and safety in the construction 
industry? 
Yes   
No   
 
18) Please briefly explain your answer in question 17 
 
  
 
19) Would you think a tool enabling the visualisation of accident factors and their 
occurrence in accident analysis would enhance health and safety planning in the 
construction industry? 
 
Yes   
No    
 
 
20) Please briefly explain your answer in question 19 
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21) Do you think the use of such a health and safety tool would reduce time and cost 
of the project on which the tool is utilised?  
Yes   
No   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix III: Pilot Study Questionnaire Cover Letter  
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University of Wolverhampton  
School of Engineering and the Built Environment 
MI Building, 
Wulfruna Street, 
Wolverhampton, 
WV1 1SB 
1st March 2006 
 
Email: David.Manase@wlv.ac.uk  
 
Dear Sir/ Madame,  
 
RE: QUESTIONNAIRE SURVEY  
 
I am a research student from the University of Wolverhampton undertaking a PhD research 
project entitled: - Accident Prevention on Construction Sites: Towards an Analytical Approach.  
The University of Wolverhampton wholly funds this research project. The purpose of the research 
is to provide a quick referencing GIS approach that would intuitively organise and display 
historical accident data for geo-spatial trend analysis. This questionnaire is for user needs 
assessment of GIS-Accident Prevention Information System in the UK construction industry:  
 
 To identify users of GIS-Accident Prevention modelling Information system  
 To assess user needs of GIS-Accident Prevention modelling in the UK 
construction industry 
 To identify the type and quality of information mostly required by users  
 
A link to an online questionnaire is thus provided and is attached herewith. The questionnaire will 
take approximately 10 to 15 minutes to complete. Your organisations’ participation in this project 
is completely voluntary. I would be most grateful if you would choose to be involved. You may 
leave blank any questions you do not wish to answer or you may decline altogether. I guarantee 
that responses in this survey will not be identified with you or your organisation, but shall be 
reported only in the aggregate. The information hereby obtained is therefore strictly confidential 
and shall be for academic purposes only and will not be shared with anyone one other than 
research members that include Dr David Oloke, Professor David Proverbs, Dr Chris Young and 
Dr David Heesom. I hope to share my results by publishing them in scientific journals and 
presenting them at conferences around the world. Please indicate your answer by clicking on 
the appropriate answer(s) or fill in the space provided where appropriate.  
 
If you have any queries about this research project, please call me on 01902 - 518743 or 
07708899898. 
 
Let me thank you in advance for your valuable assistance in this research. 
 
Yours faithfully, 
 
 
 
David Manase 
Appendix IV: User Evaluation Questionnaire 
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Geographical Information System for Accident Prevention (GISAP) 
User Evaluation Questionnaire 
 
General Information 
 
1. Please provide the name of your company        ……………………………………  
              …………………………………… 
2. Please provide your main occupation         …………………………………... 
              …………………………………... 
3. Which of these best describes your area of business? 
 
Civil Engineering contractor 
Building contractor 
Consultant (Please Specify)……………………………………………………………… 
M&E Contractor 
Groundwork Contractor 
Other (Please specify).......................................................................................................... 
 
4. Do you currently have any knowledge of, or use GeographicalInformation Systems? 
 
Yes 
No 
 
5. Do you currently have any knowledge of, or use MS Access?  
 
Yes  
No 
 
6. Do you or your company conduct any form of information analysis relating to health and 
safety? 
 
Yes 
No 
 
7. If the answer in question 6 is Yes, how do you currently do your health and safety 
analysis? 
 
 Please specify: 
.............................................................................................................……………………
…………………………………………………………………………………………… 
  
8. How often do you formally conduct health and safety information analysis for accident 
prevention during a construction project? 
 
Never 
Once for the whole project 
Daily 
Weekly 
Monthly 
Other (please specify).......................................................................................................... 
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Usability Attributes 
 
Please rank the following in order of agreement as in the following: 
 
1 = Strongly disagree 
2 = Disagree 
3 = Agree 
4 = Strongly agree 
 
9. Did you find the Open Database Connectivity between MS Access and ArcView 
database easy to do? 
 
1 2 3 4 
 
10. Did you find Access Query attributes extraction to ArcView Central database easy 
to do? 
 
1 2 3 4 
 
11. Is the system effiecient in conducting Database Queries in Access? 
 
1 2 3 4 
 
12. Is the system effiecient in conducting Database Queries in ArcView? 
 
1 2 3 4 
 
13. Did you find it easy to create maps? 
 
1 2 3 4 
 
14. Did you find it easy to create reports? 
 
1 2 3 4 
 
15. Did you find it easy to export or import data to and from the database easy to do? 
 
1 2 3 4 
 
16. In your opinion, does the GISAP efficiently represent the potential required analysis of 
health and safety in the construction industry? 
 
1 2 3 4 
 
17. In your opinion, do you think the system is effiecient in any other aspects  
 
1 2 3 4 
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Please specify…………………………………………………………………………….. 
 
 
18. How user friendly is the GISAP Analytical System? 
 
1 2 3 4 
 
19. How easy is it to perform tasks? 
 
1 2 3 4 
 
20. Can the user tailor the system to suit their needs? 
 
1 2 3 4 
 
21. Is the user able to achieve their objectives? 
 
1 2 3 4 
 
22. How effective is the interface for accessing GISAP data? 
 
1 2 3 4 
 
      Any other comments 
                             
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
 
 
Future trends 
 
Please rank the following in order of importance. 1 is the most important, 5 is the least important. 
 
 
 
23. How useful do you think the GISAP system would be to the overall construction process? 
 
1 2 3 4 5 
 
 
24. To what extent does the GISAP system represent an improvement to the existing process? 
 
1 2 3 4 5 
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25. Can you see GISAP system being used in other information processes in your 
organisation? 
 
If so, which one(s)?................................................................................................................ 
 
General Comments 
 
 
26. In what way(s) do you think the GISAP system can be improved? 
 ................................................................................................................................................
................................................................................................................................................
................................................................................................................................................
................................................................................................................................................
.................................................... ........................................................................................... 
 
 
 
THANK YOU FOR ANSWERING THE QUESTIONNAIRE 
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Appendix V:Historical Accident Information 
 
 
All construction accidents reported in the Metropolitan Borough of Wolverhampton: 
1999/2000 – 2005/06 HSE reporting years 
 
 
 
All construction accidents of victims by reported in the Metropolitan Borough of 
Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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All construction accidents of victims aged between 16 and 25 years by severity reported 
in the Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting 
years 
 
 
 
All construction accidents of victims aged between 26 and 35 years by severity reported 
in the Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting 
years 
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All construction accidents of victims aged between 36 and 45 years by severity reported 
in the Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting 
years 
 
 
 
All construction accidents of victims aged between 46 and 55 years by severity reported 
in the Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting 
years 
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All construction accidents of victims aged over 55 years by severity reported in the 
Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
 
 
All construction accidents of victims unknown age by severity reported in the 
Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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All construction accidents of victims by kind of accident reported in the Metropolitan 
Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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All construction accidents of victims by location of accident occurrence reported in the 
Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
 
 
All construction accidents of victims by occupation reported in the Metropolitan Borough 
of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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All construction accidents of victims by process of occurrence reported in the 
Metropolitan Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
 
 
All construction accidents of victims by HSE reporting year reported in the Metropolitan 
Borough of Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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All construction accidents of victims by month reported in the Metropolitan Borough of 
Wolverhampton: 1999/2000 – 2005/06 HSE reporting years 
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Appendix VI: Population Statistics 
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Appendix VII:  Climatic Statistics 
03/JAN/2006                                        Met Office.  (C) Crown Copyright 2006                                                                                               
      
SHAWBURY  LATITUDE 52_48N LONGITUDE   2_40W ALTITUDE   72m               
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KEY                                                                                                                                                                                     
______________________________________________________________________________________________________________________________________         
n/av 
Data not available. This indicates that at least 2 days worth of data for the element was unavailable. Calculating monthly averages and totals with this amount of 
missing data would be misleading, hence the field is marked as not available 
TMAX Maximum air temperature (degrees C).                                                                                                                                               
TMIN Minimum air temperature (degrees C).                                                                                                                                               
TMEAN Mean of TMAX and TMIN.                                                                                                                                                            
HIMAX Highest maximum air temperature (degrees C).                                                                                                                                      
DHIMX Day of highest maximum air temperature.                                                                                                                                           
LOMAX Lowest maximum air temperature (degrees C).                                                                                                                                       
DLOMX Day of lowest maximum air temperature.                                                                                                                                            
LOMIN Lowest minimum air temperature (degrees C).                                                                                                                                       
DLOMI Day of lowest minimum air temperature.                                                                                                                                            
HIMIN Highest minimum air temperature (degrees C).                                                                                                                                      
DHIMI Day of highest minimum air temperature.                                                                                                                                           
SL30 Mean earth temperature at a 30cm depth (degrees C).                                                                                                                                
SL100 Mean earth temperature at a 100cm depth (degrees C).                                                                                                                              
TOTRN Total rainfall (mm).                                                                                                                                                              
MXRN Most rainfall in a day (mm).                                                                                                                                                       
DMXRN Day of most rainfall.                                                                                                                                                             
RNDYS Number of days (09-09 GMT) when 0.2mm or more of rain fell.                                                                                                                       
WETDY Number of days (09-09 GMT) when 1.0mm or more of rain fell.                                                                                                                       
DSNFL Number of days when snow or sleet fell (00-24 GMT).                                                                                                                               
DSNLY Number of days when over half the ground representative of the site was covered with snow (09 GMT).                                                                               
DHAIL Number of days when hail fell (00-24 GMT) ie. solid precipitation (of which outer parts are clear ice) with a diameter 5mm or more.                                               
DICE Number of days when ice pellets fell (00-24 GMT) ie. as for hail but with a diameter less than 5mm.                                                                                
DTHND Number of days when thunder was heard (00-24 GMT).                                                                                                                                
DFOG Number of days when horizontal visibility was less than 1000m at 09 GMT.                                                                                                           
DAIRF Number of days when minimum air temperature was below zero degrees C.                                                                                                             
DGRSF Number of days when minimum grass temperature was below zero degrees C.                                                                                                           
DCNCF Number of days when minimum concrete temperature was below zero degrees C.                                                                                                        
DGALE Number of days when mean wind speed over any 10 minute period reached 34 knots or more (Force 8) (00-24 GMT).                                                                     
SUN Total bright sunshine (hours).                                                                                                                                                      
DLSUN Mean daily sunshine (hours).                                                                                                                                   
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Appendix VIII: Example of Health and Safety Regulations 
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Appendix IX: List of Ordinance Maps 
• A_road_wolverhampton_polyline.shp 
• A_road_wolverhampton_polyline.dbf 
• Heightspot_Wolverhampton_point.shp 
• Heightspot_Wolverhampton_point.dbf 
• Primary_roads_wolverhampton_polyline.shp 
• Primary_roads_wolverhampton_polyline.dbf 
• Rail_freight_wolverhampton_polyline.shp 
• Rail_freight_wolverhampton_polyline.dbf 
• Rail_passenger_wolverhampton_polyline.shp 
• Rail_passenger_wolverhampton_polyline.dbf 
• Topographical_wolverhampton.DXF 
• Wolverhampton_text_text.shp 
• Wolverhampton_topo_region.shp 
• Wolverhampton_topo_region.dbf 
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Appendix X: GISAP Analytical System – Form_Switchboard (code) 
Private Sub Form_Open(Cancel As Integer) 
' Minimize the database window and initialize the form. 
 
    ' Move to the switchboard page that is marked as the default. 
    Me.Filter = "[ItemNumber] = 0 AND [Argument] = 'Default' " 
    Me.FilterOn = True 
     
End Sub 
 
Private Sub Form_Current() 
' Update the caption and fill in the list of options. 
 
    Me.Caption = Nz(Me![ItemText], "") 
    FillOptions 
     
End Sub 
 
Private Sub FillOptions() 
' Fill in the options for this switchboard page. 
 
    ' The number of buttons on the form. 
    Const conNumButtons = 8 
     
    Dim con As Object 
    Dim rs As Object 
    Dim stSql As String 
    Dim intOption As Integer 
     
    ' Set the focus to the first button on the form, 
    ' and then hide all of the buttons on the form 
    ' but the first.  You can't hide the field with the focus. 
    Me![Option1].SetFocus 
    For intOption = 2 To conNumButtons 
        Me("Option" & intOption).Visible = False 
        Me("OptionLabel" & intOption).Visible = False 
    Next intOption 
     
    ' Open the table of Switchboard Items, and find 
    ' the first item for this Switchboard Page. 
    Set con = Application.CurrentProject.Connection 
    stSql = "SELECT * FROM [Switchboard Items]" 
    stSql = stSql & " WHERE [ItemNumber] > 0 AND [SwitchboardID]=" & 
Me![SwitchboardID] 
    stSql = stSql & " ORDER BY [ItemNumber];" 
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    Set rs = CreateObject("ADODB.Recordset") 
    rs.Open stSql, con, 1   ' 1 = adOpenKeyset 
     
    ' If there are no options for this Switchboard Page, 
    ' display a message.  Otherwise, fill the page with the items. 
    If (rs.EOF) Then 
        Me![OptionLabel1].Caption = "There are no items for this switchboard page" 
    Else 
        While (Not (rs.EOF)) 
            Me("Option" & rs![ItemNumber]).Visible = True 
            Me("OptionLabel" & rs![ItemNumber]).Visible = True 
            Me("OptionLabel" & rs![ItemNumber]).Caption = rs![ItemText] 
            rs.MoveNext 
        Wend 
    End If 
 
    ' Close the recordset and the database. 
    rs.Close 
    Set rs = Nothing 
    Set con = Nothing 
 
End Sub 
 
Private Function HandleButtonClick(intBtn As Integer) 
' This function is called when a button is clicked. 
' intBtn indicates which button was clicked. 
 
    ' Constants for the commands that can be executed. 
    Const conCmdGotoSwitchboard = 1 
    Const conCmdOpenFormAdd = 2 
    Const conCmdOpenFormBrowse = 3 
    Const conCmdOpenReport = 4 
    Const conCmdCustomizeSwitchboard = 5 
    Const conCmdExitApplication = 6 
    Const conCmdRunMacro = 7 
    Const conCmdRunCode = 8 
    Const conCmdOpenPage = 9 
 
    ' An error that is special cased. 
    Const conErrDoCmdCancelled = 2501 
     
    Dim con As Object 
    Dim rs As Object 
    Dim stSql As String 
 
On Error GoTo HandleButtonClick_Err 
Appendices 
335 
 
 
    ' Find the item in the Switchboard Items table 
    ' that corresponds to the button that was clicked. 
    Set con = Application.CurrentProject.Connection 
    Set rs = CreateObject("ADODB.Recordset") 
    stSql = "SELECT * FROM [Switchboard Items] " 
    stSql = stSql & "WHERE [SwitchboardID]=" & Me![SwitchboardID] & " AND 
[ItemNumber]=" & intBtn 
    rs.Open stSql, con, 1    ' 1 = adOpenKeyset 
     
    ' If no item matches, report the error and exit the function. 
    If (rs.EOF) Then 
        MsgBox "There was an error reading the Switchboard Items table." 
        rs.Close 
        Set rs = Nothing 
        Set con = Nothing 
        Exit Function 
    End If 
     
    Select Case rs![Command] 
         
        ' Go to another switchboard. 
        Case conCmdGotoSwitchboard 
            Me.Filter = "[ItemNumber] = 0 AND [SwitchboardID]=" & rs![Argument] 
             
        ' Open a form in Add mode. 
        Case conCmdOpenFormAdd 
            DoCmd.OpenForm rs![Argument], , , , acAdd 
 
        ' Open a form. 
        Case conCmdOpenFormBrowse 
            DoCmd.OpenForm rs![Argument] 
 
        ' Open a report. 
        Case conCmdOpenReport 
            DoCmd.OpenReport rs![Argument], acPreview 
 
        ' Customize the Switchboard. 
        Case conCmdCustomizeSwitchboard 
            ' Handle the case where the Switchboard Manager 
            ' is not installed (e.g. Minimal Install). 
            On Error Resume Next 
            Application.Run "ACWZMAIN.sbm_Entry" 
            If (Err <> 0) Then MsgBox "Command not available." 
            On Error GoTo 0 
            ' Update the form. 
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            Me.Filter = "[ItemNumber] = 0 AND [Argument] = 'Default' " 
            Me.Caption = Nz(Me![ItemText], "") 
            FillOptions 
 
        ' Exit the application. 
        Case conCmdExitApplication 
            CloseCurrentDatabase 
 
        ' Run a macro. 
        Case conCmdRunMacro 
            DoCmd.RunMacro rs![Argument] 
 
        ' Run code. 
        Case conCmdRunCode 
            Application.Run rs![Argument] 
 
        ' Open a Data Access Page 
        Case conCmdOpenPage 
            DoCmd.OpenDataAccessPage rs![Argument] 
 
        ' Any other command is unrecognized. 
        Case Else 
            MsgBox "Unknown option." 
     
    End Select 
    ' Close the recordset and the database. 
    rs.Close 
     
HandleButtonClick_Exit: 
On Error Resume Next 
    Set rs = Nothing 
    Set con = Nothing 
    Exit Function 
 
HandleButtonClick_Err: 
    ' If the action was cancelled by the user for 
    ' some reason, don't display an error message. 
    ' Instead, resume on the next line. 
    If (Err = conErrDoCmdCancelled) Then 
        Resume Next 
    Else 
        MsgBox "There was an error executing the command.", vbCritical 
        Resume HandleButtonClick_Exit 
    End If 
    End Function 
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Appendix XI - GISAP Analytical System: ArcView Set Up & Operations 
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Appendix XII: Evaluation Introductory Presentation 
 
 
Accident Prevention on 
Construction Sites: 
Towards an Analytical Approach
David Manase
 
 
 
Aim
z Recommending a new approach to the
understanding of accident causation and
prevention on construction sites through the
utilisation of Geographical Information
System (GIS).
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z Need to understand 
/identify root causes
z Awareness of accident 
causation 
theories/models  
prepares the CDM duty 
holder to be more 
cognizant of human 
variables and 
workplace factors that 
can result in accidents
Accident Causation 
Theories/Models 
 
 
 
PR
O
JE
C
T 
B
R
IE
F
PR
O
JE
C
T 
D
ES
IG
N
PR
O
JE
C
T 
D
EV
EL
O
PM
EN
T 
CONSTRUCTION 
PLANNING 
CONSTRUCTION 
CONTROL
SITE 
CONDITION
IN
JU
RY
 a
nd
/ o
r D
A
M
A
G
E
ENVIRONMENT
EN
VI
R
O
N
M
EN
T
ENVIRONMENT
EN
VI
R
O
N
M
EN
T
OPERATIVE 
ACTION
IN
C
ID
EN
T
A
C
C
ID
EN
T
CONSTRUCTION
OPERATION
Adapted from Suraji & Duff, 2000
Model of Construction Accident Causation
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Risk Assessment
¾ Reliable risk analysis and prediction of accidents 
on sites is critical to the successful health and 
safety management on construction sites leading 
to a reduction in accidents.
z Once risk assessment is 
performed, it is then 
possible to determine 
the types of controls 
that most effectively 
eliminate the hazards
 
 
 
The Need
z The utilisation of all historical health and safety 
information
z A need for improving knowledge of accident
causation by providing more intuitive and
comprehensible media for analysing and
visualising historical health and safety data.
z A system that has high storage and analytical
capabilities that is able to be utilised at all stages
of the construction process and enable new ways
of seeing data
z GIS as system for the need.
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What is GIS?
z ‘is defined as a computer-based system to aid in the
collection,maintenance, storage, analysis, output, and distribution of
spatial data and information’.(Jones, 1997)
z A GIS system has capacity to analytically
and methodically identify and present
information.
zWith such capabilities a Geographical
Information System for Accident
Prevention (GISAP) Approach was
proposed
 
 
 
Query
z – Ask questions of the database
z Show me a list of all accidents from a 
tripping on site.
z – Ask questions of the graphics
z Show me the location of particular 
accidents in a region.
GISAP
Functionality Examples
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Buffer Analysis
– Buffering:GIS can create buffer zones around 
selected features.
– Show me a list of the accidents within 500 
feet of  a construction site.
 
 
 
GISAP Use
PREPARATION STAGE(Concept)
z Risk Register & Health/Safety file format
– identifying risks or hazardous locations
z Budget: welfare & safety costs
– financial provision has been made
z Value Mgt
– Option evaluation chart
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GISAP Use
DESIGN & PLANNING PHASE
z Value Management - ensure best safe 
choice 
z Risk register updated due to design 
changes, hence new risks are identified.
z Health and Safety Plan
z Estimating 
– Evaluate cost of specific H&S items
 
 
 
GISAP Use 
CONSTRUCTION
z Continue to monitor H&S performance & 
resources,
z Identify potential hazardous locations during 
construction.
z Emergency response
z Collect, maintain and store safety data
z Health and Safety file on hand over
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GISAP Use
IMPLEMENTATION & DEMOLITION
z Health and Safety file
z Lessons learnt: Incidents & accidents during 
operation
zUse by the HSE
– Identifying areas requiring more resources
 
 
 
 
 
 
 
 
 
 
 
